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FOREWORD 

1 '■ 

This $1^8,962.00 Space Industrialisation Study was performed under 

NASA Contract NAS8-32197 for Marshcll Space Flight Center from September 
1976 through April 1978. The study was in two parts: Part 1 identified the 

future opportunities for space industrialization, quantified the potential 
benefits and developed and analyzed evolutionary program options required 
to take advantage of these opportunities; Part 2 defined the framework 
0 ^ international governmental, industrial, legal and- economic constraints 
within which space industrialization (SI) nust evolve. Step-by-step guide- 
lines to implementation of programs to capitalize on the SI opportunities 
were formulated using information from Part 1 and Part 2. The study results 
are documented in four volumes: 

1. SPACE INDUSTRIALI7.ATI0N - AN OVERVIEW 

2. SPACE. INDUSTRIALIZATION - OPPORTUNITIES, MARKcTS AND PROGRAMS 

3. SPACE INDUSTRIALIZATION - WORtO’AND DOMESTIC IMPLICATIONS 

4. APPENDICES 

Part 1 of the study was managed by Dr. Ralph Sklarew and Part 2 
by Mr. Gerald W. Driggers. Other key SAI participants were Mr. E. Batt’son, 
Mr. D. Davis, Mr. Sam Gibson Mr. Mark Klan and Mr. Gordon Collyer. A large 
pc'tion of the wo>"k reported hero was accomplished by consul tants'-who 
occupied roles as principal investigators. The key consultants were: 
e Mr. Robert Salkeld - System Planning and Programmatics 

e Mr. G. Harry Stine - Industrial Planning and Marketing 

e Mr. Paul Siegler - Market Assessment and Economic Analysis 

e Pr. 0. Peter Vajk - World Dynamics and Futures Assessment 

A subcontract to Southern Research Institute (SoRI) in Birmingham, Alabama, 
was managed by M". Driggers during P3«"t i of the study, orior to li’S joining 
SAI. Key participants at SoRI were Mr. S. J. Causey and Mr. R. !*onroe. 

Certain indiviouals within, and with no affiliation to SAI, provided 

,'aluable informal data, cornmonts and guidance during the study. The fcllowmc 

$ 
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The interchange of ideas and concepts provided by technical and 
informal meetings with Mr. C. L. Gould and Mr. A. D Kazanowski of Rockwell 
International during Part 2 of the study is also gratefully acknowledged. 

The study was performed under the technical direction of Mr. 
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1. INTRODUCTION 

This .is<Vo1ume 2 in a four volume series that is the T’lia^ 

Report on tne Space Industrialization Study conducted by Science Applications 
Incorporated (SAI) for the National Aeionautics and Spa-'c AdministiMtion 
(NASA) as discussed in the Preface. 

The data presented in this volume we»e derived to provide 
initial ("first cot") answers to three questions 

- Wliat IS Space Industi lal ization (SI)’ 

- Why industrialize space’ 

- When can iiuicase-. in space mdustiy activities Pe anticipated? 

The approach taken was one of hancitmi a variety of hackdi oas (Futuie 
Scenarios) anaiiist v/tiich SI could evolve, catalonmg. the various initiatives 
(Industriil Opporti.in t les) that might constitute that evolutun, qualita- 
tively and quantitatively assessing ano meshino the drivers and su'stainers 
(Needs and I'arlets,) of industry activities, and deriving and analvzmo 
the various hardware requircuents vs time 'Space industiy Proqru.is) as 
SI evolves. 

The philosophy and methods of derivation of each of these 
elements is explained in this Volume. The implications of the results of 
this assessment to the United St.’tes and the World aie provided in Volume 


As evidenced by the material in this document, strong eii.ohasis 
was placed by SAI on oeri v.ition of quantitative information lathor than 
purely subjective assessment The purpose was to provide a data base for 
opening of ho*'izons beyond the bUlOs and identification of key near teiiii 
stepping stones. Subjective assess'.ient could never provide the insu,ht 
inlo the Space Industrial ization needs and promise of the 1990s aiui beyond 
that IS ccntained here. There is subjectivity here in the b.isic assuiap- 
tions wh’ch underpin th« calculatiors. and debate is anticvatod The 
debate w.ll not subst^nj.jaMy change the scale or ti".inii of thinos m the 
aqnreuato. and at the nresent stage of SI uiulei standing and |ilamiiiui that 





2. THE TERRCS1R1AL BACKGROUND TOR SPACE INDUSTRIALIZATION 1980 - 2010 

V' 

t 

During the next few decades, space technology (developed for 
purely scientific ^reasons, for political and prestige reasons, or to serve 
specific military needs) can be adapted, exteiuicd, and expanded to use the 
new environment and nearly limitless resources of outer space for the 
benefit of hu'mai’ity in an ecoiioiincal ly profitable manner. Space 
Industrialization will then grow from a handful of commercial ly operated 
coiniiuni cat ions satellites into a highly diversified and oxpandiiuj sector 
of the human sor loecoiiomic system. In the fust fev«' decades, however, it 
will necessarily depend for its ve-y existence on the convertional segments 
of the socioeconomic system to piovute the teclinology, the original invest- 
ment capital, and the markets for its <|OOds and services. Thus it is 
essential to explore the natie'e and shape of the socioeconomic system as it 
may evolve in the next tew decades before we can realistically examine just 
what may consti lute Spate Industrial i Mt ion, and Imw, whv, and when portions 
of the new space industries may arise. 

This oxannnat um of tlio tenestnal backoround has been done in». 
two parts, first, basic macroocono..'ic projections were made to examine 
the needs of the human socioeconomic system during the coming decades with 
respect to basic materials: enoniy fuels, minerals, and basic agriv.iiltural 
commodities. If the "limits to growth" hypothesis should pi dye to' be correct, 
then perhaps Space Industrial i zatioi could provide some of the very basic 
needs of the ind.istrial izcd societies of the world. Second, a variety of 
alternative fwtuics were examined to exa.aine how Space iiuliistrial izat ion 
would be shaped bv events and developments in the rest of the system. The 
economic profitability. polifiC.il v'n*'ilitv. and social desirability of 
specific space industrial act iyi ties can only be defined in the context of 
general sociaT, political, econoniic, and technologual faccors cli.ii ,u ter i z inq 
an alternative fntine. These alternative futu.v stenaruis also pt ovule some 
basis for cont iiuieiiry plaoniiui and tor idnitityinq steppinn stones m spate 
technology which a*-e most likely to lie useful in any future spat.c (irograms 
or activities 
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1 

The results of these two parts of our examination of the 

U 


terrestrial background provided some of the basis for ronsiuering the 

Ij 


market potentials of various possible space industries and much of the 

(J 


foundation for developing specific examples of possible programs of Space 

n 


Industrialization during the next few decades. The necessity for cont nuous 

J 


planning of intermediate and long range programs became quite clear from this 

■^1 


work. Just as buggywhip manufacturers who did not foresee that self- 

J 


propelled trucks would make the horse-drawn milkwagon obsolete were soon 



reduced to financial ruin, propone.its of specific possibilities for in- 

i( - 


dustries in space may find themselves stranded by changes In the terrestrial 



background due to new economic, political, social, or technological factors 

"1 1 


unless they continually dedicate some effort to plan.iing their programs in 

-J I 
• 


relation to current developments and trends on Earth. 

c 

•1 ! 


2.1 ASSESStlENT OF TERREsfRIAL RESOURCES: SPACE INDUSTRIALIZATION 

ij 


AND THE l_IflITS TO GROWTH' DEBATE 

i 1 
’ 1 


Why should we industrialize space? What human needs can Space 



Industrialization satisfy? Is Space Industrialization essential to the 

•i < 
1 


survival of the socioeconomic system? 

V J 


In order to address these questions, it is necessary to examine 

1! : 


the question of resource demand and supply here on Earth during the period 



of interest in this study, 1980 to 2010. Before presenting the projections 

1 ') . 

. 1 ’ 


we have made on the basis of available data ano other studies, we, will 



present a broad review of the basic issues at stake in thp recent debates 



concerning the "limits to growth." 

U ’ 


During the last two decades or so, ma.iy have argued tliat the 

11 


resources of this finite planet are being depleted at an alarming rate and 

U ' 


that the rate of ii:crease of thv; planet's human population is dangerously 



high. All extreme form pf this argument was presented in the bestselling 

u! 


report The Limilsi to Gvcvth, ' a popularly written book describing a study 



performed by the Systems Dynamirs Group at M.I.T. under the encouragement of 

li 


the Club of Rome. Using a highly aggregated computer model of the global 



socioeconomic system which incorporated a number of severe neo-Mai thus lan 

II 


(1)D. H. Meadows, D. L. Meadows, Jr. Ratiders, and W. W. 



Behrens III, The Limite-, to Gvouth, Universe Books. M 


j New York. 1972. M ^ 

ij 

1 

11 

• ! i i ^ 1 "I ! ‘ 1 ■] :'! i - ! 1 -- - if J- 

; j— 

. \ 1 ■ ! 

' / 

— ^ .. . / 

' 1 i 

1 I . 1 ' 


assumptions, the M.I.T. group projected a massive collapse of 1,idustria1 
civilization early in the twenty-first century. The primary cause Qf the 
collapse was the assumption that the costs of nonrenewable natural resources 
would soar rapidly because of exhaustion of economically Recoverable ores 
within j'ust.a few more decades. Secondary factors contributing to the 
collapse included insufficient agricultural land to support a rapidly 
growing population and rising death rates due to ever increasing pollutant 
levels in the environment as industrial output expands around the world. 

But the material and energy resources of the solar system are 
clearly many orders of magnitude greater than those of just Earth itself. 

If the costs of extracting essential minerals from progressively lower- 
grade ores were to rise dramatical ly , as the neo-Mai thusian school has 
argued, then at sene point the decreasing costs of access to space resulting 
from continued advances in technology would pennit any given Mi.eral to be 
obtained from space at a lower price so that the expanding demand oT a 
growing industria ' ized terrestrial population could be met for many 
centuries to come. If the "TTmits to growth" arguments were correct, 
they would provide a strong and natural justification for a massive pujhcly- 
funded program to industrialize space at an e.irly date. 

The opposite pole in the debate, the "technological optimist" 
point of view, has argued that technological ad< .-irres have always been 
stimulated by rising costs of extracting minerals from lower grade ores. 

As the costs per ton of product rise while the technology remains fixed, the 
economic incentive to develop a new, less costly technology increases until 
the breakthrough is made which pennits the lower grade ores (or a substitute 
material) to be produced at costs comparable to, or frequently lower than, 
the older technology. This pattern has, in fart, held for the minerals 
industries in the United States throughout the period 1870 to 1957 (at 
least) . (2) 

The technological optimist has also argued that, although certain 
materials we presently use are indeed in shoi't surply on Earth, technology 
can devise substitutes based on abundant materials. For sound ciivironmontal 

t 

reasons, substitutes have been found for most of the applications of 

(2) Harold ,1. Barnett and Chandler Morse, 

•/* 'u .' ,:•.*• ...• Resources 

for the Future and Johns Hookins Uiuversitv Press, 

PaUim.ore..l963. 



mercury In Industry as little as twenty years ago. Goeller and Weinberg 
have argued this point most strongly, suggesting that a technological. 
Industrialized society with a population several times greater than the Earth's 
present population cQuld enjoy a North American material standard of living 
indefinitely far Into the future--at least a few million years--by technolog- 
ical substitutions of abundant materials for scarce materials. Society 
would then be based on v/ood, plastics, glass, cement, stone, iron, aluminum, 
and maqnesium. 

Of course. It is nece:isdry to examine these issues on a case-by- 
case basis because of the possibility that certain critical materials may 
have unduly large leverage on the econony. Photographs and radiographs, 
for example, are of critical Importance in some industries, even If their 
costs represent only a miniscule fraction of the total cash flow for such 
an industry. Should silver suddenly become unavailable or severely rationed, 
some Industries might ronceivabl> be disrupted, with far-rangin*' consequences 
ricocheting through the rest of the economy with effects far exceeding the 
value of all the silver consumed each year in the United States. 

I 

Notwithstanding the importance of such case-by-case consideration, 
it Is still useful to consider the average cost of minerals used in the 
socioeconomic system as a whole. In 1968, the total sales price of minerals 
consumed in the United States (including fossil fuels) amounted to less than 
5% of the Gross National Product. Worldwide, total minerals consumed were 
valued at less than 8% of Gross World Product. (The higher figure for the 
global average reflects the relatively higher prices of basic structural 
materials in Third World countries where the economic infrastructure is 
poorly developed.) 

Neo-Hal thus ian arguments have held that the costs for extraction 
o*" minerals will soon begin to c’imb steeply. But if these costs piresently 
amount to only 5 to 8?. of GNP (or GWP), a five- or even ten-fold increase 
in ebsts of minerals could be tolerated without collapse of the socioeconomic 
system, provided only that the rise were sufficiently gradual (as, indeed. 

It is in the computer projections presented in The Linits to Gi'ou>th). The 
three-fold increase in world petroleum prices, to be sure, produced economic 

(3) H. E. Goeller and A. M. Weinberg, "The Aqe of 
Substitutability", Science 191, 683 (1976). 
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dislocations, but despite Its extreme abruptness, even such a steep rise 
did not produce collapse of the global socioeconomic system. The highly 
aggregated computer model used .by the M. l.T. group thus appears most 
unrealistic in its assumptions about non-renewable resources. 

The more detailed assessment (case-by-case) of natural resource 
availability described above has been made for 18 minerals selected either 
because of their large volume (such as iron) or because of critir.i1 impo»'tance 
to important industrial processes or agriculture (such as phosphate). Fossil 
fuels were also examined in assessing likely sources of energy in the next 
three decades, nut to assess supply and deiikind for such coninodities. it 
was necessary to project population growth and trends in basic economic 
indicators such as GNP and personal incomes. In addition, we have examined 
the outlook for a number of basic agricultural roninodities, albeit in the 
somewhat* simplistic manner. The following jectn.ns suninari 2 “ the results of 
these asspssmenls. 

2.1.1 r» asu IV mogra ph ic and Econo nic t a and Projec t i ons 

I 

2. 1.1.1 Population Projections 

The basic data from wti>ch world population figures wore projected 
were obtained fixim the im. ted Wif.-.-.r dte-iet ,e.:’ i. .j-w.'k More 

recent data have been published since our projcftions were made, suggesting 
that the projections given here are too high. Several important points 
should be mentioned, however, which cast serious doubts on the validity of 
most population projections. In most of the less developed countries, not 
only is the economy poorlv developed but so are the means for gathering 
vital statistics A11 the U.N. data is based on reports provioed by the 
governments for the individual nations involved, the U.N. has -lo facilities 
for critical review or evaluation of these data. In many cas'es, the data 
provided to the U.N. .mount to little wro th.in estimates by the central 
government. 

During the 1950' s and 1960's, national prestige was often identified 
with vigorous growth in all national statistics, including population, and 
population size and growth rates m.iy in some cases have been exaogcrated. 

More recently, many of the industrial izcd countries have exerted pressure 
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on the less developed countries to reduce their birth rates. It is possible 
that some of the more recent statistical reports from some of these -countries 

may have changed in response to t.his political pressure, with little relation- 

» 

ship to actual statistics. 

Finally, among those countries in which vital statistics are 
collected in a reliable manner, reported birth rates may differ in meaning 
because of differing statutory d.'finitions. In the United States, for 
example, a pre>nature infant whidt succumbs ,in houi after delivery is counted 

as a "live birth" and included ii the birth-rate statistics. In some coun- 

1 

tries where high infant mortality is the rule, birth rates are computed on 
the basis of children who survive to age one, excluding all those who died 
weeks or months after delivery. 

For the purposes of this study, populations were pi ejected in foui 
separate groups of nations: 

(a) the industrially doi/eloped free-market nations (28), 

(b) the industrially developed socialist nations (9), 

(c) the emerging nations (35) and 

(d) all the rest, incljciing the "underdeveloped" nations. 

For each group, a population-weighted average of the population increase 
rates for each country was calculated and applied to the 1970 or 1973 
population levels to obtain p--cjected levels. The socialist states showed 
a growth rate of 6.22 per 1000 population per year; the industrial i:od 

I 

free-market states had a weighted growth rate of 8 per 1000; the emerging 
countries showed a growth rate of 24.24 per 1000; and the remaring 
underdeveloped nations had a combined rate of 26.42 per 1000. 

Thf results of these projections are shown in figure 2-1. Tht- 
underdcvelopod nations and the emerging nations would double their 
populations fi om 1975 to 2010. In contrast the industrial socialist 
countries (excluding China) will increase oj only 32f and the free-market 
industrial countries by only 24t in the same 33 year span. Accoiding to 
those projections, the total world population will increase from about 
4.05 billion in 1975 to about 7.5 billion in 2010. , 
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Figure 2-1 
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It must again be emphasized that more recent data suggest lower 
gro» th rates and that these projections htive made no allowances for 
significant decreases in oirth rates „in the emerging and underdeveloped 
nations; these changes can be very rapid. In Sri Lanka (formerly Ceylon), 
birth rates fell by half in the -space of two years due to a government 
program which provided one kilogram of rice per person per week, free, to 
every nan, woman, and child, with a second kilogram made available at a 
price substantially below the normal market price. The reduced birth rate 
was the direct result of the rapid improvement in infant survival: parents 
felt less need to have many children in order to guarantee that at least 
one or two would survive to support their parents, in their old age. 

2. 1.1.2 U.S. Population Projections 

Population projections fo*- the United States were adbpted from 
the Bureau of Census projections presented in Cw'-»cnt . 

The Series II projection was used, which assumes that fertility will rise 
from the present value of less than 1800 lifetime births per 1000 women to ' 
normal replacement level of about 2100 per 1000 women by 1990 and remain at 
that level throughout the period. Little evidence, however, is available to 
suggest that fertility will rise much above the presenc levels. Figure 2-2 
|shows this projection and also shows the contribution of net iimiigration to 
population growth. 

I 

2. 1.1.3 Gross National Product and Per Capita Income 

The GNP and the per capita personal income (PCI) for the United 

I 

States are snown in Figure2-3, based on data from the U. .s’. S:n-v^p of Curvovt 
’^usi'icpa and Statiotioal Abstract of the V.S. To make time streams easily 
comparable, all dollars were translated into constant 1976 dollar values 
for both past levels and future estimates, using Department of Conmerce 
data on the Implicit Price Deflator and the Consumer Price Index. 

Figure 3 presents alternative maximum and minimum projections. 

One simple trend analysis for GNP would be a combination of the Bureau of 
Labor Statistics projection and compound growth at 4.3‘t per year The 
United States GNP would then be about $2.5 trillion in 1985; about $3.6 
trillion III 1995; and about $6.4 trillion in 2010» A linear increase, however, 
[would result in a GNP of only $4.7 trillion in 2010. 
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Several possible trends are shov/n for per capita personal income 

O 

for the United States. An extension of the Bureau of Labor Statistics 
personal income trend divided by the Series II oopulalion projection to 
1S35 results in a logical but very tnederate rate of growth. This trend 
projects a rise in per capita personal income from $6305 in 1975 to $7688 
in 1980; $8543 in 1985; $11,600 in 2000, and perhaps $13,600 in 2010. 
Compounding per capita personal income .it a growth rate equal to that in the 
period 1960 to 1971 results in a much higher projection. {In fact, using 
such compound growth results in higner-than-expected levels for both the 
United States and the dei-eloppd nations.) 

FigutY* -2-4 shows the lu^.lr'^nd low pro'ectiors for U.S. per capita 
personal income (from rigu’'''.2^3) together with projections for per capita 
disposable income for the/'nidustnal ly developed f i ee market nations, the 
emerging nations, and.chc underdevoloped nations. Linear trends for the 
United States and <^or the industrial izcd countries appear more likely than 
compound growth because of Third World ii lustrial ization and because of the 
policies of the emerging natiotv to raise prices for raw material and fuel 
resources through the formation of cartels and by threats of embargoes to 
obtain greater economic r>trcngth. 

» 

Because of growing prosperity in the 1960's and WO's, the 
trend in per capita disposable income for the 37 emerging nations appears as 
a rapidly i nc i ea s i ng growth curve. The underdeveloped nations, however, 
show little indication of an uoward trend ’n per capita income until after 
the turn ot the century because tneir present economic base is so poor. 

2 1.1.4 Composition of the U S. GNP 

Table 2-1 shows the projected composition c^f the U.S. GNP (based 

on the demand conropt) according to major components in oollars, in 

percent distribution, and in annual (average) rate of change. (This 
% 

projection is based on Table 2-5 of ». Bureau of. 

Labor Statistics [lulletin 1809.) Sectors of the economy -generating prime 
economic activity in the yeai s ahead arc suggested by Table 2-2 which projects 
GNP distribution Ly 2-oigit Standard Industrial Classification (SIC) cedes. 
This table is based on Table 2-6of Bulletin 1809, with the figures for 1975 
added. _ . 
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A general projection of personal corsumption expenditures for the 
United-Estates for the long term is presented in Figure2-5, showing percentage 
distributions of disposable income. Relative costs for housing, transporta- 
tion, and ned-oal services are not projected to change substantial ly due to 
any foreseen social or economic perturbations. This is undoubteuly wrong; 
there simply are no dramatic changes predicted based on high probability 
events. 

2. 1.1. 5 National Incomes 

National Income (NY) is frequently used by economists to compare 
economic activity in different countries because it does not include some 
artificial factors included in GNP. National Income is equal to Gross 
National Product, less capital depreciation allowances, less indirect 
business taxes and liabilities, less transfer pa^r’ents, less government 
enterprise surpluses, plus subsidies. 

National Income data fron the Unit, d ^lotions S:,:tt'c.tic-al Yx r.3<bock 
were grouped together for three q-oups of nations: 

(a) 22 developed uarket economies, 

(b) 37 emerging nations, the more progressive of the 
developing nations, often called the Third World; 

(c) Third World and Fourth World combined, the more 

' passive of the less developed countries being 

sofpetimes called tne fourth World. 

Since the latter two groups ove'-lap, they show approximately the same 
growth rate. These data are plotted in Figure 2-6, using the 1960 to 1972 
growth rates for °ach group. The GNP and NY for the United States (proje:ted 
at an expected rate of about 4.3x) are also shown in this figure. 

Not surprisingly, the growth rate for the 22 developed nations 
(including the United States) is greater than for the other two groups, 
resulting in a nearly eight-fold mciease from 1972 'to 2010, because of 

i 

significant economic activity and markets in these 22 nations. After 1980, 
several cf these (e.g., Sweden, Norway, Germany, Ku-wait, and Japan) have 
greater growth rates than does the U.S. The estimated growth rate for the 
U.S., however, is intentionally more conservative than the 1^60 to 1972 
rate for the group as a whole. The developing nations appear to achieve 
significant increases in national income by the’ end of the century. 
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2.1.2^ Energy Supply and Demand 

2. 1.2.1 The United States 

o 

Fi gure 2-7shows projected demand fo** energy In the United States 
based on the studies indicated. (Energy demand is cumulative in this figure.) 
The industrial sector demand and the derived demand by the electric utilities 
show sizeable increases by 2000, with more moderate growth in demand by the 
transportation sector. Residential, conmercial, and non-energy demands 
remain relatively stable. 

Figure 3-8 shows projected supply sources meeting the total demand 
shown in Figure 2-7. These projections by the Bureau of Mines are based on a 
number of simple assumptions, some of which no longer appear to be valid. 

The assumptions include: 

(a) that strip mine regulations will not prevent surface 
mining of coal ; 

(b) that offshore oil leasing will be accelerated; 

(c) that Western coal, oil shale, and geothermal lands 
will be leased for commercial' development; 

' (d) that coal gasification will make a significant 

contribution by 1985; 

(e) that oil prices will be decontrolled and natural gas 
prices will (at least) be relaxed; and 

(f) that oreeder reactor research will continue Lo be a major 
focus of national R&D efforts, witir breeder (or fusion) 
reactors coimercial ly viable between 1985 and 2000. 

Under these assumptions, domestic petroleum does not decline until after 
the turn of the century. Natural gas remains remarkably stable because of 
future price increases and becau*;e of the development of the geopressurizeJ 
natural gas deposits (methane dissolved in salt water trapped in porous rock 
formations under the Gulf Coast at greater-than-hydrostatic pressures). 

Coal expands its contribution until 2000, remaining relatively stable there- 
after. Synthetic fuels provide little energy until 1990, but expand as a 
source after 2000. Because of limited resources, hydrc/geothermal energy 
never expands very much. Most published forecasts of energy supply project 
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no significant contributions to energy supply from solar energy, wind energy, 
or sea energy, and Indicate litile contribution before the end of the 
century from fusjon or large-scale solar electric systems. 

In the near term, inioorts are very important in supplying energy to 
meet projected demand. Conventional nuclear power should relieve some of 
the pressure to import more fuels during the mid-term, if it expands rapidly, 
barring accidents and prohibitive legislation, although the latter appears 
to be more and more likely. After the turn of the century, imports will 
again assume major importance, unless fusion, solar energy, and synthetic 
fuel can take over a growing share of the market. Syngas is assumed to 
be commercially viable sometime after 1930-in small volumes from petroleum, 
and in larger volumes from coal after 19C5. Shale oil will become com- 
mercial to a limited extent after 1935, but synthetic liquids can be ex- 
pected in significant amounts from coal and oil shale oniy toward the turn 
of the century. 

1 

All of these projections will depend strongly on political decisions, 
which can alter the mix of supply or change the growth of demand by placing 
strong incentives, for instance, on improvements in the efficiency of 
energy utilization. 

2. 1.2. 2 World Energy Demand and Supply 


Projections from the United Nations and from the Department of 
Interior have been extended by simple extrapolation in Figure2-9. A more 
sophisticated analysis would involve regression analysis of energy use versus, 
perhaps, subsets of world population and average per capita income, correcting 
for serial correlations and multi-colinearity. However, the simplistic 


projection appears to represent the concensus of projected trends and will 


suffice for the present study purposes. U.S. total denvind for the period 
1975 to 2005 las also been superimposed on this graph. No distinctions 
haveibeen made between fission reactors and fusion reactors, and solar power, 
sea power, and wind power have been ignored in the expectation that they 
will continue to bo minor sources 


Figures 2-10, 11 , 12 and 13 show SAI projections of world production 
of crude oil, natural gas, coal, and uranium, respectivelv, based on 
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Figure 2-12, Current and Projected Coal Production and Reserves. 
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Department of Interior projections and United Nations data, tempered by 
other factors explained in the notes on these graphs. In several instances, 
low-, moderate-, and high-growth rate projections have been given. Recent 
output and known economically extractable reserves are shown ^or each of the 
major producer nations, along with global totals. 

The sums of these trends provide a reasonable match to the total 
energy demand trend shown in Figure 2-9, provided moderate-to high-growth 
rates can be sustained for crude oil, natural gas, and coal. Based on 
currently known reserves, producer nations have approximately a 27-year 
supply of crude oil, a 47-year supply of natural gas, and at least enough 
coal for 200 years of production. These figures are expected to change 
with new cliscoveries and r.ew technologies. Projected production for the 
United States show relative stability or only moderate growth with the 
exception of uranium; substantial imports will be required if nuclear power 
development is much delayed. 

Most projections show a deceleration in growth or worldwide 
production for petroleum, natural gas, coal, and uranium by about the turn 
of the century, indicating a need for solar power or fusion power early 
in the twenty-first century. 

In summary, it appears that conventional energy sources are 
sufficient for worldwide needs for the next few decades, although economic 
dislocations may result from political factors and from inequities in dis- 
tribution. Unconventional energy sources (such as geopressunzed natural 
gas deposits) may extend the use of fossil fuels significantly without 
major innovations in technology or large increases in real price, but the 
necessity of research and development on nev/er sources of energy in the 
long term is very clear. 

2.1.3 Mineral Raw Materials 

Before we proceed with our case-by-case examination of some 
important mineral raw materials, it is useful to look at the overall 
structure of mineral consumption m an ••'dustnal ized economy. Table 2-3 
presents a breakdown (by weight) of tie capita use of non-renewable 
resources mined in 1975 for use in the United Sta.tes economy. The total 
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TABLE 2-3 


NONRENEWABLE RESOURCES EXTRACTED IN 1975 
FOR USE IN THE UNITED STATES 

(Table adapted from John D. Morgan, "The World Supply /Demand 
Outlook for Minerals," in A.G, Chynoweth and W,M. Walsh, eds . , 
'4aterials Tecknology--19?C , AIP Conference Proceedings No. 32, 
American Institute of Physics, New York, 1976.) 


Mineral 

Weight 

per 


Fraction 

by well 


capita 

(lbs) 


of all minerals 

FOSSIL FUELS 

17,050 



45.95 


Petroleum 


7,650 



20 62 

Coal anci lignite 


5,200 



14.01 

Natural gas 


4,200 



11.32 

NON-METALS 

18,940 



51.04 


Sand and gravel 


8,000 



21.56 

Stone 


8,000 



21.56 

Cement 


660 



1.78 

Clay 


450 



1.21 

Salt 


430 



1.16 

Phosphate 


315 



0.85 

Other 


1,085 



1.3Z 

METALS 

1,118 



3.01 


Iron and steel 


1,000 



2.69 

Aluminum 


46 

**■ 


0.12 

Copper 


16 



0.04 

Zinc 


14 



0.04 

Lead 


11 



0.03 

Other 


31 



0.08 

1 , 

TOTAL MINERALS 

37,108 



100.00 








weight per capita of finished materials derived from virgin jres was 
16,867 (37,103 pounds). Nearly half of this anx)unt was fossil fuels 

which were discussed in the previous section on energy. Slightly more 
than half of the«total was non-metals; all of those listed (except for 
phosphate rock) are very widely distributed in vast abundance, sufficient 
for at least several million years of consumption at present rates. Typical 
prices for most of those non-metals are a few cents per pound or less. For 
metals, on the other hand, typical prices today are an order of magnitude 
higher, so that their total economic value is comparable to that of all 
non-metals although the metals account for a much smaller fraction of the 
total consumption by weight. Taconite (an iron ore) and bauxite (an 
aluminum ore) are available in supplies sufficient for a few centuries 
(globally), with extreme variability in geographic distribution. Iron 
latentes and unexploited alumiiiL'n'ores such as kaolin appear to be much 
more uMfdrmly distributed in sufficient abundance to provide several million 
years of iron supply and several hundred million yea*‘S of aluminum supply, 
flecajse of the economic importance of these two metals, however, and because 
of their versatility in industrial applicatuns, short tenii supply and 
demand factors for these metal> are discussed in detail below. 

Most of the remaining metals, however, appear to be much nore 
scarce on Earth, with currently known economica' ly extractable reseives 
Sufficient for only a few decades of use at present rates of extraction. 

Fou. teen o*" these metals have been evanr.neo and are discussed below, ."or 
most of these metals, recycling can significantly extend supply, with 
relatively modest increases in price srffici“nt to create strong incentives 
for substitution. These metals were select>'d because of their potentially 
cri tical role in industry or because of partic.il irly significant issues in 
supply sources. 

Two non-metals have also been examined and are discussed below 
These are phosphate rock, important in agriculture as a feitilwer with 
relatively small supplies available globally, and fluorine, of vital 
importance in met.'l lurqical extraction piocessos 

lA") See, for~e\anp1e, H. Kahn, W. ITi-oivTiV TiuFT. Martel i 

\..r' S;’ * S •• ! , • .- .. « •.. . 

William MorriMv and Company, Inc , New lork, ig7i>. for a 
scenario dos ribing the effects of a sudden rise in the 
price of copper. 






2. 1.3.1 Iron 


Large capital Investments are required to establish modern large 
capacity operations ($100 to 400 million for an operation producing 3 to 10 
million tons of iron per year), so financial consortiums or partnerships 
are common in the industry. New projects begun in 1975 required capital 
costs of about $33 to $53 per ton per year of capacity, with lower costs 
for existing developed areas. 

Labor contracts influence production costs considerably, since 
labor costs account for about 50% of production costs. Transportation 
costs are significant (20 to 50% of price) and play an important role in 
the relative competitive strengths of companies in ..he industry. Shipment 
by water is less expensive pe*" unit than overland freight, but typical 
distances are greater. Large ships indirectly compete with unit trains 
and slurry pipelines!' 

Environmental controls amount to 5 to 10% of capital investment 
for taconite production which produces an increasing fraction of ore 
pellets from open pit mines (95% in the United States; 85% worldwide). 

Taxes and royalties can be a financial burden to some firms in particular^ 
areas. 

Because of the complexities of competition, domestic prices of 
iron-in-ore had remained constant (in real terms) for more than ten y°ars 
until 1975. Prices are likely to continue to rise, however, because of 
fuel, materials, labor and equipment costs. 

The average ratio of wastes to crude ore (volumetrically) was a' 
sizable 1-to-l in 1974, sc that large acreages are required for mines and 
tailings disposal areas, in addition to large acreages -equired for 
steel mills,; Large volumes of water (much of it recycled) are required 
in tiie U.S. Mesabi range for washing ore concentrates. In northern areas, 
ore is either not mined during the winter or merely stockpiled. 

Figure 2- 14 shows projections of iron demand in relation to actual 
production in recent years. Iron ore supply should be adequate to meet 
foreseeable demands. Known reserves of economically extractable ores 














(using present technologies) total about 4 oillion tons in the United 

V 

States and aoout 96 billion tins in the rest of the world, versus cumulative 
denands up to 2000 of about 3 billion for the United States and 19 billion 
for the rest of the world. If U.S. production costs do not rise faster than 
foreign prices, domestic supply should provide about 75o of U.S. demand, 
although variations in theratioof pig iron to scrap iron could alter demand. 
Developing countries will likely increase iron and steel capacity in step 
witn growth of their 6NP, while growth of demand in the oeveloped countries 
is more likely to match population growth. | 

Mining equipment is expected to continue to grow in size and 
capacity. Beneficiation is likely to improve the rate of iron recovery with- 
out high impurity content, while direct reduction techniques are likely to 
improve the iron content o' ores and pellets. Concentrated iron ore will 
likely be piped in slurry form, while computer-controlled unit trains and 
larger ore ships can also be expected. 

I 

2. 1.3.2 Aluminum 

Figure 2-15 presents projections of aluminum demand (both )rimary 
and secondary metal) based on htineral Facts and Problems, Bureau of Mines 
Bulletin 667, which explains the projected growth in ter^s of projected values 
for gross economic indicators. The world supply of aluminum appears to be 
adequate beyond 2000, given known reserves? the high probability of additional 
discoveries, end possible alternative supply sources (such as aluminum- 
rich clays). An increasing amount of U.S. aluminum consumption will be 
imported from countries with low-cost electrical power. Whereas domestic 
p'roduction in 2000 can be expected to satisfy about BOS of demand for all othe 
primary metals, domestically mined bauxite is likely to provide only about 
9% of aluminum consumed then in the United States. 

pomestic output may increase substantially, however, if a foreign 
cartel were to be formed in the future, if domestic clays can be economically 
processed, if large capital requirements for plants and mine sites can be 
met, if environmental degradation can be avoided or minimized, and/or if 




* In the language of resource economics, "reserves" are known 
deposits rtf ore which can be extracted at economically 
competitive pi'ices with weact^t technologies; "resources" 
are those ores which are presently not competitive. 
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U.S. government policy is amenable to domestic production development. The 
environmental effects cf processing and the efficiency of processing should 
be improved by technological developments which can be expected to include 
a shift away from fljoride processing of alumina, the addition of lithium 
carbonate, and the use of new electrode materials such as titanium boride. 

The price of aluminum has varied sharply (when measured in constant 
1972 dollars) due to changing technology, market forces, and additional 
supply sources. Between 1956 and 1976, ignoring discounts below quoted 
prices, the lowest price was about 27c per pound in 1972, and the highest 
price was about 44^ in 1976. Relative to other goods and services, the 
price of aluminum is not expected to rise much above 50d per pound (in 
1977 dollars). Assuniing this price, estimated U.S. demand for the year 
2000 would have a value of $23 billion; and for the year 2010, about 
$32.5 billion. The value of finished aluminum, of course, would be higher 
than quoted here if costs for process energy rise faster than the general 
inflation rate. 

2. 1.3.3 Chronium 

Strong demand and inflationary pressures ha/e increased chromium 
prices in recent years, with intensive competition both in the domestic 
and foreign supplies of ferrochromium alloys. Figure 2- 16 shows projected 
demand based on end-use consumption, adjusteo by contingency analyses for 
technological, economic, and social factors. Primary demand abroad will 
grow faster than in the United States because of increasing industrialization 
in countries with low-cost resources and energy. 

Large automated furnaces iiave helped to reduce production costs 
by increased output and by reduced labor costs. Pollution control equip- 
ment is now a necessity, requiring about 20% of new investment capital. 

Dust and slag disposal are still problems, but economic recycling of 
recovered fines and dust will increase chromium yields. 

Chromium reserves in the United States are not economic except 
for dire emergency needs. African reserves are sufficient for at least the 
next 25 years, while increased use of lower grade resou»‘ces (including 
extraction from latentes) and recovery of fines and dust will extend 
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world reserves. World output in 1974 was about 3,310,000 metric tons of 
chromate (Cr 203 ), with the U.S.S.R. and South Africa each producing about 
825,000 metric tons; Turkey, 270,000 metric tons; Southern Rhodesia, 292,000 
metric tons; Albania, 286,000 metric tons; India, 195,000 metric tons; and 
the Phillipines, 192,000 metric tons. A number of these countries have 
shown signs of political instability; occasionally, imports from some of 
these countries have been embargoed for political reasons. “Stockpiling 
of chromium is used in the United States as a precaution against sudden 
int*Truptions in "Supply. 

2. 1.3.4 Cobalt 

I Cobalt is an essential additive in many extremely hard and tough 

steel alloys. Demand for these alloys and the continuing development of new 
alloys and new applications for such alloys will increase demand for cobalt. 
Rare-earth/cobalt magnets will be an important new market. Figure 2-17 
projects cobalt demand and U.S. domestic primary production. 

I 

Cobalt is usually a byproduct of copper or nickel production, 
so that Its production costs and availability are strongly linked to the 
primary metal. The costs of mining and refining cobalt have risen in con- 
stant dollars, pushing up prices somewhat. Short term factors such as 
nationalization of mines in Zaire, a nickel industry strike in Canada, and 
changes in export rules have also increased cobalt prices. In the long 
run, price rises should be controlled by new sources of production and 
technological advances. New capacity may be needed in the next -decade, 
but supply is mainly a function of the output of particular sources of 
nickel and copper. Supply appears to be adequate beyond 2000 when new 
sources of cobalt are also considered. Presently, the major conventional ' 
suppliers are Zaire, Zambia, Canada, and Finland. 

Nickel laterites in Australia are expected to become economical 
in the next decade. Currently, the processes to separate cobalt from 
the nickel in these laterites are too expensive, but research is expected 
to reduce these costs sufficiently. Recovery and production of secondary 
cooalt is now possible for some scrap alloys at about 10% more than the price 
of virgin cobalt. It is expected that U. S. domestic mining and certcmly 
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refining vof nickel/cobalt will soon resume. Recycling of coba'it scrap from 
super alloys is expected to increase. 

Ocean n^idules are likely to become a cobalt supply source after 
about 1985, although formidable legal, political, and environmental problems 
must be worked out. “ending resolution of. the outstanding issues of the 
Law-of-the-Sea conference, federal indemnification of U.S. comoanies 
would appear to be a prerequisite for ocean nodule mining. Impoi'tant and 
interesting new technology is under development in the meanwhile to extract 
metals economically from these nodules. 

2. 1.3. 5 Columbium (Niobiur) 

Columbiuni is an essential ing'-edient in steel alloys with very 
high strength-to-weight ratios o.'.wjth high resistance to elevated tempera tines 
and corrosion. Advances in end-use technologies i.-ill further stimulate 
demand for columbium. Some of these uses are likely to be in the aerospace 
and nuclear industries, control and containnent of fusion reactions, for 
example, will likely reqiw-re columbium superalloy conductors. Pro.iected 

I 

demand is shown in Figure ?-18. Department of Interior forecasts are based 
on contingency analysis of probable technological and economic influences on 
end uses, with consideration of Federal Reserve Board forecasts of the Index 
of Industrial Production. 

Countries with highly developed metallurgical industries use 
significant amounts of columbium. Increased use of high strengtli-to-wcight 
steel alloys could increase demand for columbium, but its future use in 
construction applications would be reduced correspondingly by the substitution 
of vanadium and low-carbon ferrochrome in steel aPoys. In pa»'ticular 
machinery applications, tungsten or tantalum could also oe substituted. 

Currently, all columbium ores are mined and milled outside the 

• I 

United States, chiefly as a hvprouuct of tin ore Ore concentrates are 
processed to high-punty grades of columbium oxide in the United States. 
Processing the ore can create a disposal problem with low-level radio-activity 
in the wastes. Wo-’o reserves appear to be ample to meet demand oast, the 
turn of the century. Canada and Brazil ship pyrochlore concentrates to the 
U.S.; Nigeria exports colunibite and tin slag; South Africa, colun.hite/ 
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tantalite concentrite; Malaysia and Thailand, tin slag. Brazil is the 
largest columbium exporter. Imoroved geochemical and geophysical techniques 
could lead to U.S. mining and production of domestic ores. 

Reductions in the cost of extracting columbium can be expected 
which will make it more competitive with alternative materials. Possible 
developments include direct chlorination of high-grade concentrates with 
carbon and carbothermic reduction of low-grade materials to ferrocolumbium. 

2. 1.3. 6 Copper 

Nearly 6Qu of copper demand at present comes from electrical 
applications because of copper's excellent electrical conductivity and 
thermal conductivity. Aluminum can be substituted for many of these 
applications if the price of copper should rise steeply. Figure 2-19 
projects total demand for copper based on estimates of demands for each 
category of end uses. Forecasts for each end use were based on tne most 
appropriate economic indicator, such as GNP, electrical power consumption, 
new construction, output pe'- capita, copulation, or productivity. Tech- 
nological developments were considered among other contingenucs to give 
a range of likely demands for each end use. 

World reserves presently known appear adequate through the turn 
of the century. The major producers are the United States, the U S.S.R., 
Chile, Canada, Zambia, and Zaire. Copper prospecting is underway in 
Argentina, Columbia, Iran, Indonesia, and some of the Pacific Islands. 

Brazil is another prime candidate for copper resources. The U. S. industry 
has the advantages of stable government, proximity to markets, existing 
mines, and large scale operatiois which should keep the domestic industry 
viable despite increased costs due to more extensive environmental safeguards 
and conflicting demands for use of water, land and energy. 

Costs of producing and marketing copper are highly variable, 
depending on the type of ore and the location of the deposit. ;. National izati or 
of copper mines and a trend toward greater retention of value-added in copper 
exporting countries will create some technical, capital, ard marketing 
proolems, producer-consumer agreements nay be required to iinprovt? supply 
and demand conditions. 
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Declining ore grades continue to stimulate economizing innovations 
to keep costs from rising beyond reasonable levels. Productivity has in- 
creased steadily in the mining and processing of copper as a result of more 
extensive mechanization and automation, new technology, and economies of 
scale. Greater efficiency is expected through the cre-handling systems. 
Major improvements in electrodeposition or precipitation from leach 
solutions may provide a replacement for copper processing in smelters and 
refineries. Costs may be reduced by increasing total yields through ion 
exchange electrowinmng the dumped leach solutions. However, energy costs 
are substantial and have increased. The costs of adding pollution control 
equipment impose a large cost burden on the-domestic industry. The 
flotation processes require large quantities of water, .<ith possible 
problems of availabi I i ij in the future. 

About 80? of U.S. copper is mined from open pits. Some 58% of 
the mined material is moved and discarded before milling, while only 2? 
of the milled tr^tenal goes into o'-e concentrates, causing a laige pro^'leir 
in d'sposal of tailings. Sulfur dioxide emissions are a serious' problem 
in air pollution, while arsenic emissions inside smelters create safety 
problems for workers. 

The growth of recycling has been considered in the projections 
of total demand and primary demand shown in Figure 19. Deep sea nodules 
and laterite deposits are important as potential future sources. Improve- 
ments in geochemistry and geophysics will aid further exploration and 
discovery. After the turn of the century, cooper demand may outpace 
supply unless new processes in hydrometallurgy, increased recycling, and 
development of new sources such as ocean nodules and la^erices fill the 


2. 1.3. 7 Lead 

The largest uses of lead today are in the transportation sector 
(lead-acid batteries ar.i gasoline additives). Fiqure 2-20 shows projected 
deiiands for lead based on technological , social and economic changes and 
their probable effects on lead demand'. Since lead is a toxic material, 
problems of ai** pollution, waste disposal, and land use are serio.is issues 
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Figure 2-20. Supply and Demand for Lead 1973 - 200C 
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confronting the industry, accounting also for the large decrease in projected 
demand for lead as a gasoline additive. Solutions to these issues Will 
require substantial capital investments and imply higher operating costs. 
Prices have risen in response, but foreign competition and the availability 
of scrap lead I’mit the improvements possible. (Most of the lead in lead- 
acid batteries used in transportation is recycled.) 

Smelters are generally equipped with collectors for lead dust 
and fumes and with dispersal units to reduce sulfur dioxide concentrations 

in the emissions. Care in handling, ventilation, and monitoring minimize 

*> 

contact between workers and load compounds. 

No domestic or world shortages are foreseen through the end of 
the century. World reserves are currently about 165 million short tons 
and are expanding with continued exploration in Canada, Australia, Ireland, 
and Yugoslavia. Mine production has doubled in ten years. For the 
United States, some growth in lead imports will be necessary to meet 
anticipated demand. Environmental requirements (both here and abroad) can 
affect supplies, but better techniqc-’S of waste disposal and emission con- 
trols are expected. 

Electrochemical methods of refining lead, improvements in scrap 
processing, and the development of new processing techniques are needed 
and expected in the next few decades, tending to stabilize prices and to 
extend reserves. 

2. 1.3.8 Manganese 

Manganese is a necessary component of steel. Figure 2-21 presents 
projections of demand for manganese based on forecasts cf steel demand 
tempered by influential economic, social, and technical factors. Manganese 
is also used in the chemical industries as a catalyst, an oxidizer, and an 
intermediate. 

Variability in ore quality causes variability in the costs of 
ore processing. Ore prices are negotiated on the basis of content, 
quantity, freightrates, delivery terms, insurance, duties, and availability 
of ore. The key to manganese supply, however, is transportation; Ingh 
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Figure ^-21. Supply and Demand for Manganese 1973 



freight rates, congested ports, and a shortage of available gondolas or 

ships all create problems in the supply chain. ' 

V* 

World reserves are more than adequate to meet foreseeable demand. 

The estimated cumulative world supply capability is about four times greater 
o 

than cumulative demand from 1975 to 2000. South Africa, the U.S.S.R., 

Brazil, Australia, and Gabon all have ample reserves. At higher prices 
(or improved, lower-cost technologies), the United States has resources 
that could become reserves, but metallurgical examination of manganese ores 
in Arizona and Arkansas are needed before the extent of these potential 
reserves can be assessed. Manganese ocean nodules contain high concenf*ations] 
of the metal, but legal, political, and environmental problems must be 
resolved, as diseased earlier in the case of cobalt. In recent years, 
there has been an attempt to stabilize manganese prices through United 
Nations action. 

The United States imports all of its manganese requirements from 
Brazil, Gaboni Australia, South Africa (both ore and alloy), and France 
(alloy). 

2. 1.3. 9 Mercury 

I 

Projections of mercury demand by end uses are shown i.n -2^.22. 

Most of these are expected to grow in step with either population or with 
GNP. "High" and "low" projections by the Department of Interior result from 
contingency analysis for shifts in social, technological, ann. economic 
factors. The rate of growth in demand is expected to be higher in the 
emerging countries than in either the developed countries dr in the under- 
developed countries. 

Major producing nations include Spain, the U.S.S.R., China, Italy, 
Mexico, Yugoslavia, Canada, Algeria, and Turkey. Erratic fluctuations in 
demand cause severe fluctuations in price from time to time. 

Imports will provide the major portion of U.S. requirements, 
although domestic production is expected to, increase. Domestic ores are 
low grade,- averaging 3 pounds of mercury per ton in open pit operations 
<md about 7 pounds per ton in underground mines. Processing is relatively 
jSimple. But mercury and its organic compounds are very toxic, posing dangers 
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in handling and in breathing the air in the immediate vicinity of operations. 
Dust collectors can prevent air pollution surrounding operations, while 
detectors, respirators, and careful cleaning are all necessary on site. 

More serious are the problems of mercury released to the environ- 
ment after use. Many end uses of mercury are dissipative (chemical catalysts, 
agricultural fungicides, paint, paper processing). Because of the proven 
toxicity of mercury compounds in the air and in the water, the Environmental 
Protection Agency has recently banned many of these uses, and others are 
likely to be added to the EPA's bans. 

More efficient use of mercury could result from changes in the 
design of mercury cells, and greater efficiency in beneficiation of low 
grade ores is expected. Pollution control requirements promote recovery 
of mercury from effluents, and secondary recovery of mercury from mine 
tailings is expected to increase as well. Some further substitution of 
other materials for some present uses of mercury can also be expected. 

Should prices rise or newer extraction methods be developed, lower grade 
deposits will become economically extractable reserves to cover cumulative 
demand. Algeria and Turkey are likely to provide new sources of supply. 

2.1.3.10 Nickel 

Figure2-23shows projected demand for nickel based on end uses 
which are forecast to grow in association with population, GNP, or other 
industrial and economic indices. Nickel prices had been stable (in con- 
stant dollars) until the nickel industry strike of 1969, after which the 
price rose to $1.58 per pound in 1974. Further price increases are expected 
as energy costs increase due to the high consumption of electricity and* 
fuel oil for smelting and calcining nickel ore. 

Laterite open pit mines cover large acreages, posing some environ- 
mental and land use problems. Air pollution controls are necessary at 
smelters, and nickel workers have a higher risk of respiratory system 
cancers. 


Canada, the U.S.S.R., and New Caledonia will continue to be the 
leading producers of nickel, with some contributions from Australia, Cuba, 
the Dominiran Republic, and a few other nations. U. S. reserves in*low 
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Figure 2“23. Supply and Demand for Nickel 1973 - 2000 





grade laterites are small. Assuming that low grade laterites and gabbro 
in the United States will be economic sources of nickel, world supplies 
should be adequate to meet total projected world nemand to -the turn of the 
century at least. ^ 

U.S. domestic supply has been projected in Figure2-23on the basis j 
of the present ratio of domescic supply to total U.S. demand. Host of the 
future supply for the United States will, as in the past, come from imports. 
Although expansion of U.S. domestic supply will involve unusual economic, 
social and environmental costs, that is probably not the case for nickel 
supplies elsewhere in the world.! 

Availability and price stability for nickel in the future will tend 
to be helped by a number of new techniques and the use of larger-scale 
processing equipment. As lower grades of ore are mined by more automated 
methods, sophisticated control of ore blending can be expected. Such 
smelting techniques as electric furnaces presently used in the iron and 
steel industry are likely to be applied to nickel. New processes to 
recover more byproducts (such as coba’t) from laterites and to process 
scrap nickel alloys can be expected, including pressure leaching, hydro- 
and vapor- metallurgical innovations at higher temperatures and pressures. 
Ocean nodules will be an important new source pending resolution of major 
issues mentioned before. Many of these innovations will be hastened by 
the need to minimize air and water pollution. 

2.1.3.11 Platinum Group Metals 

Strictly sneaking, these include only osmium, iridium, ard 
platinum; we shall also include ruthenium, rhodium, and palladium in this 
discussion. Platinum and palladium are economically the most important of 
these metals. 

Forecasts in Figure2-24are based on Department of Interior estimates, 
these are subject to major uncertainties, as consumption of these metals 
has correlated very poorly in the past with such economic indices as 
population growth, GNP, or the Federal Reserve Board Index of Industrial 
Production. The forecasts were thus based on past trends, with ranges 
based on contingencies for major end uses. The future use of platinum/ 
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palladium catalytic converters in automobiles will depend on the availability 
of replacement technologies and on the final shape of automobile emission 
standards, v 


)] 

0 


South African producers control the world price of platinum 
while the U.S.S.R. controls the price of palladium. Prices climbed 
steadily until the mid-1970's when still sharper increases occurred. 
Iridium and osmium prices have fluctuated widely. 

Currently known world resources are about two to three times 
estimated reserves, and are about seven times greater than cumulative 
demand expected up to 2000. U.S. domestic reserves are only about one 
million troy ounces, but resources total 210 million troy ounces. The 
Stillwater Complex in Montana may add to reserves. Most platinum used i.n 
the United States is recycled or imported, with 44% of platinum demand 
supplied by imports from South Africa; 51% of palladium demand is supplied 
by imports from the U.S.S.R. This pattern is expected to continue, 
although increased copper refining is likely to provide a slight increase 
in platinum production as a byproduct. A small amount of primary platinum 
is also produced in Alaska by hyorometallurgy and electrochemical methods 
from placers. 

Advances in hydrometallurgy, e’ectrowinning, and in situ 
leaching techniques could add low grade ores to U.S. reserves. If 
recovery from fission reactor radioactive wastes becomes legally and 
economically possible, fission-procuct nuclides may provide some palladium, 
rhodium, and rutheriium. 

2.1.3.12 Tin 

Project’ons of demand for tin are shown in Figure 2-<;5, These 
are based on erd uses whose trends were projected on the basis of the most 
appropriate eco'^omic indices from the previous ten years' experience, with 
contingencies estit;vted to obtain ranges. Outside the United States, a 
larger fraction of tin demand is used for tinplate than is the case foi the 


U.S. ’ 

World reserves appear to be sufficient to meet cumulative demand to 
2000. Malaysia is presently the largest producer. The International Tin 
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Council sets floor and ceiling prices between orcducer and consumer nations, 
balancing long term production and consumption by buffer stocks and export 
controls. Prices are quoted on three markets: Pener^, Malaysia; London 
LME; and New York. In the long run, Indonesia and Thailand could replace 
Malaysia as the largest tin producers. 

U. S. demand is 50,000 tons per year at the present time. Total 
domestic reserves are only 42,000 tons, with only 200 tons produced per year. 
Tin shipped from the Far East takes two months of travel time via three 
routes. U.S. Production will remain negligible. Pbout 20 % of U.S. demand 
is supplied by secondary sources (drosses, dust, and detinning of steel) and 
this ratio can be expected to remain unchanged. The remainder trust be 
imported from traditional sources. 

Improvements in mining techniques and increased recovery of tin 
from the slimes in beneficiation would have major impact on production 
and world reserves. 

2.1.3.13 Titanium 

While titanium metal has excellent metallurgical properties, 
about 95% of titanium consumed at present in the U'^ited States is for non- 
metal uses, nearly half going into paints as titanium cxide pigment. Demand 
based on anticipated end use projections is shown in Figure 2-26. As standards 
of living improve in the rest of the world, greater use of pigments can be 
expected, leading to more rapid growth of demand abroad than in the United 
States (except for use as a metal). 

World reserves are estimated at 375 million tons of titaniun., well 
above the anticipated cumulative demand beyond the turn of the century. 

Prices were relatively stable until 1973, when a jump of about 50% occurred. 
Economic and technological problems associated with environmental regulations 
are likely to make any large scale expansion of U.S. production urattractive, 
and the same factors apply to some other countries as well. Ruti'e pigment 
and sponge metal are freely traded, but most ilmenite sources are captive. 
Because of severe environmental problems in mining and because of increased 
costs in mining low grade ilmenites, further price rises may be expeqted 
unless major innovations in extraction are developed. 
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Pigment and soonge metal are presently imported from Japan; the 
U.S.S.R. , and the United Kingdom. Imports will increase, probably from 
Australia, Canada, and Norway for non-metal uses. Some metal will be 
recovered from scrap. By the year 2000, the U.S. may supply about one- 
third of its own titanium requirements. Titanium oxide in 85 to 902 
concentrates is presently extracted by flotation from a massive titaniferous 
iron deposit in the United States. Large capital investments are needed 
for production plants, inhibiting large scale expansion of the domestic 
indus*"ry. 

Biocidal solutions of ferrous sulphate are gene»*dted as wastes, 
so that mounting Waste disposal costs appear to be the rule for future U.f. 
production facilities. Domestic resources must become reserves beycma 
2000, if the U.S. is to continue to supply a s'gmficant part of its titanium 
requirements. Development of a process to produce syntlietic rutile d’rectly 
from iirenite by chlorination will be a necessary step. 

2.1.3.14 Tungsten 

Tu.igsten is indispensible in some alloys used in metal cutting 
and shaping operations where hardness end abrasion retention are very im- 
portant. Figure2-27shovfS projected demand based on modified steels used 
for particular purposes. Some substitution by titanium, tantalum cjrbide, 
or aluminum oxide ce>"amics is possible at present, but is not a major factor 
in meeting the ai^.ids projected. Demand in developing countries is expected 
to grow somewhat faster than in the United States. 

Major producing countries for tungsten are the U.S.S.R., China, 
the United States, Bolivia, North Korea, South Korea, Australia, Canada, 
Thailand, Pe'-u, and Portugal. Prices are expected to increase further 
unless improved extraction processes can be developed to reduce costs. New 
electrolysis and molten processes, however, hold promise, and more efucient 
recovery of low grade ores is anticipated in the U.S. Improvements in high 
temperature alloy properties of tungsten will increase demand, while increased 
recovery of tungsten from scrop will reduce primary demand. la recent years, 
large releases of U.S. tungsten stockpiles and sales at the Canton (China) 
trace fair have heavily influenced tungsten prices. The world price 'in 1975 
was about $5.24 per pound. 
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U. S. domestic reserves of tungsten are about 240 million pounds. 
anJ known -resources total about 960 million pounds. About 125 million 
pounds of the resources would become economically recoverable reserves if 
tie price rose to about $6.50 pet* pound, and the remainder would become 
recoverable at prices above $10 per pound with present technologies. 

Domestic production now supplies 43% of U. S. primary demand for 
tungsten. Projections of tungsten supply included consideration of produc- 
tion capacity and reserves of the principal U. S. producers. Imports will 
likely increase in importance, especially when government stockpiles are 
either depleted or no longer released. Most of the domestic supply comes 
from hydrometal lurgicrl techniques which product APT (ammonium paratiingstate) 
from which recovery of tungsten metal averages 90%. About 10% of domestic 
tungsten is obtained as a coproduct of molibdenum operations. Prices and 
substitution are both likely to increase as demand puts pressure on tungsten 
reserves, especially after 1990. 

New extracticr technologies are needed to keen prices reasonable. 
Environmental deg*‘adation from tungsten mining and processing is minimal, 
and air pollution is easily controlled. 

2.1.3.15 Vanadium 

Vanadium is used in special-purpose alloys, especially in con- 
struction equipment and metal -wor'.ing tools. Projected demand is shown in 
Figure 2-28, based on anticipated end-uses with consideration of contingency 
factors. 

World reserves can cover projected demand beyond 2000. Major 
producers include South Africa, the United States, the U.S.S.R. , Finland, 
Namibia, and Norway. Vanadium is commonly a coproduct or byproduct of 
uranium mining, with a variety of extraction processes including ion exchange 
and solvent extraction. South Africa, the U.S.S.R., and Chile export vana- 
dium slag. In the U. S., only one open-pit operation is based solely on 
vanadium production from ores yielding 1 % V_0c. In ura num-vanadium pro- 

C 0 

duction, radiation and toxicity are major mine oroblems. Vanadium also oc- 
curs as a coproduct of phosphorus. 
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Oomestic supplies presently meet about 64« of U. S. demand. 

Present reserves which can be mined solely for vanadium amount ♦•o 30,000 
tons, while total resources are about 10 million tons. An additional 85,000 
tons of reserves can be produced as a coproduct with uranium or phosphorus. 
Imports are expected ®to Increase, however, since demand will increase faster 
than coproducts are mined, unless new technologies make processing easier 
and cheaper. The availability of vanadium slag from abroad discourages ex- 
pansion of domestic production. South Africa ana the U.S.S.R are expected 
to supply the bulk of future Imports either as slag or as ferroalloys. Addi- 
tional vanadium imports will be supplied by Finland (as VgO^) and Norway 
(as ferrovanadlum). 

Increased substitution is likely in the United States. Tungsten, 

molybdenum, and coluFibium alloys are competitive, but relative costs will 

1 

be decisive. Canadian sources may include tar sands and ilmenite and mag- 
netite deposits in Quebec. Potential new sources of vanadium include high 
sulfur/vanadium petroleum processing, titaniferous magnetites, shales, some 
beach sand deposits, and oil/tar residues, all of v^hich could significantly 
extend world supplies. Scrap recovery may later become significant. 

2.1.3.16 Zinc 

Projected demand for zinc is shown in Figure 2-21, based on indus- '" 
trial end-uses. Expanded use of zinc in galvanized products would result in 
a high forecast, while extensive substitutions (which are possible) would 
result in a low forecast. Demand in the rest of the world is expected to 
grow faster than In the United States, where demand for zinc correlates 
closely with economic activity Including short-term fluctuations. 

World reserves, currently about 149 million tons, fall short of 
cumulative demand expected by 2000; thr same holds for U. S. reserves and 
U. S. cumulative demand. With technological changes and/or increased 
prices, other world resources would become reserves. Costs presently vary 
widely depending on type and grade of ore, byproducts extractrble from the 
zinc ore, accessibility of the ore, and processing methods required. Sul- 
fides are the most commonly produced commercial zinc minerals, ranging from 
3 to lOS in zinc content. Concentrates usually contain 55 to 60% zinc, and 
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are relatively costly to process, with significant environmental problems 
with effluents and processing w-.stes. 

Leading zinc producers are Canaca (20X), the U.S.S.R. (12%), the 
United States and Australia (8% each), and Peru (7%). Major producers of 
refined zinc ratal are Japan (16%), the U.S.S.R. (13%), the U. S. (9%), 
Canada (8%), and Australia (5%). Smelter production has declined by half in 
the U. S. in the last ten years, while it has increased in all the other 

leading metal -producing countries. The costs of large environmentally ac- 

1 

ceptable smelters will be a key factor in expansion of U. S. capacity. 

More than half of the U. S. zinc supply is imported, mainly in the 
form of zinc metal from Canada, Mexico, and Peru, since dome'^tic smelter 
capacity is inadequate. Domestic mines p»‘oduce of U- S. demand. 

Should demand increase sufficiently and zinc prices rise, reserves in Ten- 
nessee and Missouri may be developed. Secondary recovery will also increase 
as more incentives are available. Zinc casting technology has improved, and 
newly developed alloys will require more zinc. As costs rise, iticreased 
automation can be expected, with pressure leaching, electrowinp’ng, and co- 
production with sulfur likely to be emphasized. 

2.1.3.17 Fluorine 

Fluorine is used extensively as a flux in steelmaking, as an elec- 
trolytic flux compound in smelting alumina, and in uranium enrichment by 
gaseous diffusion. Fluorine is also used in a large number of industrial 
chemical compounds for which no substitutes presently exist. The use of 
fluprochlorocarbons (CFC's) as aerosol propellants is expected to decrease 
sharply because of suspected environmental effects (possible depletion of 
stratospheric ozone) leading to legislative bans. Projected demand is 
shown in Figure 2-30, based on contingency analysis of technological, econo- 
mic, and social factors. (Chemical demano, for example, will likely grow 
in step with GNP.) Aggregate U. S. demand should almost triple by 2000. 

The present situation globally is cie of oversupply, principally 
in the form of producers' stockpiles. North American production capacity 
in 1975 totalled about 1.1 million tons of acid-spar per year; Western Eur- 
ope, 900,000 tons per year; Africa, 450,000 tons per year; and other 
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industrially developed nations about 150,000 tons per year. U. S. capacity 
is about 35U.000 tons per year and could be increased by 200,000 tons per 
year additional if prices remained high and stable. 

O 

Argentina, Brazil, Kenya, Tunisia, Morocco, Southern Rnodesia, 
Thailand, Mongolia, and China export most of their output, while the United 
States, the U.S.S.R., Canada, and Japan depend largely on imports. About 
85% of 'J. S. supply is imported, most of it from Mexico, with additional sig- 
nificant amounts from Italy and Spain. The phosphate rock industry in Flor- 
ida is recovering more of the fluorosil icic acid used at wet-process phos- 
phoric acid plants by installation of recovery circuits. Both the steel and 
aluminum industries are experimenting with methods of reducing the amount of 
fluorine used as flux. The steel industry is also experimenting with pos- 
sible substitutes because of fluorine toxicity and to reduce their production 
costs. Recovery and recycling of fluorine in these metallurgical applica- 
tions are of minor importance economically and environmentally. 

2.1.3.18 Phosphate 

The largest end-use for phosphate is fertMizer. Figure 2-31 shows 
projected demand and projected U. S. supply, baseu on contingency analysis 
applied to population projections which are the principal determinant of 
phosphate demand, although demand could be significantly altered by agricul- 
tural innovations end greater efficiency in the use and application of ferti- 
lizers. 

World reserves of phosphate are large, but depletion of specific 
deposits toward the end of the century is likely to cause significant reg- 
ional disruptions in supply until new areas can be opened up. Shallow open 
pit operations may have to be supplemented by the development of deep depo- 
sits. New beneficiation techniques are needed for lower-grade deposits and 
for carbonate rocks, such as occur in Florida -^nd the Western states of the 
United States. Direct acidulation of concentrates or of matrix rocks by 
hydrochloric acid or sulfuric acid show technological promise of reduced 
wastes and improved yields. North Africa, the U.S.S.R., Australia, the 
Middle East, and Peru all have potential for development of new production. 
Improved recovery races, of course, would extend the life of current opera- 
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The U. Sv phosphate industry produces enough fertilizer to allow 
ibstantial exports. About 45% of U. S. phosphate production is exported 
: phosphate rock, mixed fertilizer, or industrial chemicals. Principal 
)urces are in Florida and Tennessee, but the industry is attempting to ex- 
ind in Florida and Uorth Carolina in the face of vigorous opposition by 
ivironmentalists demanding assurances of clean air, water reclamation, and 
jfficient water supp'iies to residents of nearby ccnwjunities in view of past 
buses in the industry. Phosphate reserves on public lands are under heavy 
tivironmental regulations, while a number of federal, state, and local agen- 
ies enforce environmental regulations fairly strictly, while air and water 
uality guidelines for the industry become progressively more stringent, 
ew plants irjst comply with all environmental regulations, and mines and 
eneficiation plants cost about four times more than a decade ago. Capital 
as been scarce and more expensive. The domestic industry has, in addition, 
een plagued in recent years with power interruptions, accidents with drag- 
ines and at loading terminals, breakdowns at beneficiation plants, and a 
hortage of rail cars. 

1.1.3.19 Suiranary 

None of the minerals discussed above present the likelihood of 
Titical exhaustion within the period addressed by this study. Because the 
lewer population projections suggest slower population growth than was pre- 
lented in the cliscussion above, on which many of these mineral demand pro- 
jections were based, cumulative demand for all of these minerals is likely 
to ba somewhat lower than suggested here. For many of the minerals' dis- 
:ussed, prices {in constant dollars) have increased in recent years. In 
nost cases, tnese price increases can be traced to increased energy costs 
iue to political factors (the 1973 Arab-lsiaeli war, the Arab oil embargo 
bf 1973-1974, and the strengthening of the OPEC cartel) more than to in- 
:reased production costs associated witn imminent depletion. Additional 
transient factors unrelated to progressive depletion of the minerals dis- 
:ussed included more stringent environmental regulations requiring more . 
expensive pollution control equipment. Technological advances tending to 
reduce production costs could be foreseen for most of the minerals discussed. 
Ho mineral, however, appears to be so critical to the economy or so in 
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danger of sudden depletion that we would be compelled to rapidly develop 
nonterrestrial sources for these minerals. 


2.1.4 


Agriculture 


The adequacy of agricultural production in the face of population 
growth has been at issue since che appearance in 1793 of the first edition 
of Thomas Robert Malthus's essay on population growth. A simple reality 
generally overlooked by neo-Mai thusians is that agriculture! production 
around the world has more than kept pace with population growth since World 
War II, although the population has more than doubled, with little or no 
evidence of an increase in relative costs. Much of the period, in fact, was 
characterized by large surpluses of grains especially in the developed coun- 
tries. 

A recent study of world food problems shows that no nation today 

lacks sufficient resources to be completely self-sufficient in food produc- 
(4) 

tion.' ' The key to eliminating the malnutrition and occasional famines 
seen in Third World countries lies in social and political reforms to provide 
social justice for the small farmer who is almost always more productive per 
acre than the large farmer who is often an absentee landlord. The necessary 
reforms have been implemented in South Korea, Taiwan, and China in recent 
decades, with dramatic results. A change in emphasis from cash crops for 
export to food production for domestic consumption would also have major 
economic benefits for most of the countries suffering from inadequate food 
supplies. 

Improvements in food storage techniques can also extend current 
production significantly at very low cost. Up to 40% of India's annual 
grain production is lost to vermin (principally rats and mice). The nutrient 
values of many foods deteriorate when inappropriate storage methods are used 
or proper methods are applied incorrectly. The potential for improvement in 
these areas for many of the poorer nations of the world cannot be ignored 
in discussions of population and food issues. Much can be done using simple 
technologies and minimal investment. 

In the discussion below, projections for three major grains (corn, 


(4) Frances Moore Lapp6 and Joseph Collins, Food Firstly 
Houghton-Mifflin, New York, 1977. 
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rice, and wheat) and for two major meat animals (cattle and pigs) will be 
discussed. These projections are based on relatively simple-minded trend 
analyses, rather than carefully correlated with population growth, national 
income per capita forecasts, and trends toward less clement weather condi- 
tions than were experienced in the 1930*s through 1950's. All of these are 
based on the older figures for population growth which are now believed to 
be too high. 

2. 1.4.1 Corn 

The United States produces the bulk of current world corn produc- 
tion. Although higher growth rates are expected among other nations than 
for the U. S., the U. S. will remain the largest corn-producing nation until 
well into the next century. Corn production is forecast in Figure 2-32. 
Total world production is expected to double by 2000, with 2.4 times the 
present output by 2005. Lower rates of pooulation growth would result in a 
decline in the slopes of the growth curves shown. 

Growth rates in the rest of the world are likely to exceed the 
growth rate for U. S. corn production. For greater accuracy, corn produc- 
tion should be correlated with GNP or with per capita income across inter- 
vals reflecting differences in farm technology ard national progress. Table 
2-4 shows corn output projected if linear trends v/ere feasible. 

TABLE 2-4. CORN OUTPUT PROJECTIONS 


Group of nations 

1 

Millions 

1974 

of meti'i. 
1990 

s t^ons of 
2000 

corn 

2005 

United States 

118 

205 

250 

272 

23 developed nations 
(excluding U. S. ) 

58 

132 

172 

200 

29 emerging nations 

79 

117 

138 

145 

Rest of the world 
(including the U.S.S.R.) 

38 

64 

79 

85 

Totals 

293 

518 

639 

702 



2. 1.4.2 Rice 

Figure2-33 and Table2-5show rice production trends and projections 
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Figure 2-J2. Maize (Corn) Crop Trends (Additive) 






based on simple extrapolation. The poorer nations Mill Increase ice output 
at a much lilgher rate than either the emerging or the developed nations be- 
cause of general climate conditions, their cultural tendency to use more rice 
per capita, and th^r greater needs in total, traditional rice varieties 
require about 180 days in the rice paddy; newer strains developed in the 
"green revolution" require as little as 110 days, so that in the wanner cli- 
mates three crops per year could be groim given sufficient irrigat.on water 
year-round. The more developed nations are unlikely to increase production 
much above 90 million metric tons by 2005, although total world output of 
rice should more than double. 


TABLE2-5. RICE OUTl’llT PROJECTIONS 


Group of nations 


fc,-* 3 I 

(excluding China) 


Millions 

Average 

1961-65 

of metric tons of rice 

Projected 

1968 ' 1971 1974 1990 2005 

21.8 

24.0 

26.7 

20.5 

37.5 

44.0 

21.6 

26.3 

21.6 

25.0 

34.5 

47.0 

209.9 

236.2 

260.7 

267.2 

373.0 

47S.0 

253.2 

286.5 

309.0 

321.7 

450.0 

568.0 


2. 1.4.3 


Wheat 


Figure 2-34shows ooosible trends in wheat production. Output 
during the 1970' s increaseo at surprisingly low rates due to poor weather 
conditions. Assuming linear trends at moderate growth rates, however, out- 
put would grow as shown in Table J -6, Althoueh output should increase at 
higher rates in the emerging co.intries and in the rest of the world than in 
the developed nations, this latter group will still contribute about 60* of 
the total world output, compared to 69. in 197<:. 






TABLE 2-6. WHEAT OUTPUT PROJECTIONS 

Group of nations Millions of metric tons of wheat 

Average 


Projected 



1961-65 

1968 

1971 

1974 

1990 

2005 

33 developed nations 
( including U.S.S.R. 
and Eastern Europe 

182.6 

246.6 

249.6 

249.9 

315.0 

370.0 

21 emerging nations 
(including China) 

47.3 

55.4 

65.3 

70.9 

105.0 

135.0 

i 

Rest of the world 

24.6 

28.4 

39.2 

39.1 

58.0 

75.0 

Totals 

254.4 

331.5 

354.1 

359.8 

478.0 

580.0 

4 Cattle 
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Figure 2-35shows 

cattle raising 

trends 

and projections 

. The 

de- 


veloped and th» emerging nations show obvious exponential growth trends 
which may be tempered into more nearly linear growth trends. World totals 
were too volatile in recent years (due to droughts and otiier fluctuations) 
to indicate any clear trend. Medium growth trends are shown in TabTe2^7. 
The emerging nations show a slightly greater rate of growth to feed popula- 
tion growth ac rates higher than those in the developed nations. 

TABLE 2-7. CAHLE RAISING PROJECTIONS 


Group of nations 


Millions of cattle 



1973 

1900 

2000 

2010 

25 developed nations 
(including U.S. ; ex- 
cluding U.S.S.R. for 
lack of data) 

283 

425 

510 

595 

35 emerging nations 

372 

545- 

645 

745 

Rest of the world 

397 

— 

— 

-r- 


2. 1.4.5 Pigs 

Figure 2-36 shews pig rais'nq trends and projections. The devel 
opeo nations have probably saturated per caoita' consumption of 'pork. 
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Figure ?-36. Current and Projected Pig Raising Trends 
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resulting in much lower growth rates for the developed nations th^n for the 
emerging nations. Data for the rest of the world does not show any definite 
trend In the short period sampled here. Longer term data should be used, 
with consideration of population growth rates, to formulate projections for ^ 
these countries. 


2.1.5 Conclusions 


It does not appear, on the basis of our examination of energy, 
minerals, arid food production issues over the period 1980 to 2010, thit any 
of these will pose any critical threat to the survival of industrial civili- 
zation. The spectre of impending scarcities does not, theiefore, provide a 
credible basis. for the political support necessary to mount a major thrust 
into space at public expense on a crash program schedule. The iinport.ance of 
long-range solutions to the problems of energy supply, however, is clear in 
the discussion above. The economic value of energy and minerals imported 
from space may be significant and may provide sufficient motivations for 
Space Industrialization; these possibilities should not be dismissed lightly. 
But their Justification, during the period of interest in this study, must 
be found elsewhere. “Limits to growth" cannot j’ustify Space Ind-strializa- 
tion during the next three or more decades. 

2.2 BACKGROUND SCENARIOS FOR SPACE INDUSTRIALIZATION PROGRAMS. 

1980 - 2010 

2.2.1 Introduction 


The evolution of the Space Industrialization system during the 
next few decades will be shaped in part by its own internal logic, once 
certain activities or systems approach maturity, additions to the systbm 
will be suggested by what alreadv exists, so that "bootstrapuing" will'pl^v 
an important role. Throughout these early stages of Space- Industrialization, 
howeve*-, the rest of the human system and its terrestrial environment will 


continue to evolve as well, pi-oviding a continuar'y changing context for. 
Space Industrialization. Tne criteria which will define whi:h activities are 
economically profitable and socially desirable (as well as technically feas- 
ible) will thus change throughout the period, and consideration must thus 
be given to this changina context. 
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vAn important tas*. in this study of Space Industrialization has 
thus bean the development of a set of background scenarios describing a 
range of alternative futures for the hur^n system and its environment. We 
cannot predict the future, and none of our *^csnarios should be considerad 
as attempts to predict what will happen. For the purposes of this study, 
we have defined a scenario as a decaripHon of a plausible course of events 
vw the ’arson system and its environment beginning from the present (early 
1977) state of vhe world, extending out to about tOlO. It would be most 
astonishing if the actual future closely approximated any one of our scen- 
arios; we expect, however, that the actual course of events will include ele- 
nients from most of the scenarios presented below, but the datis or locations 
for major events or for the emergence of new trends which we postulate in 
these scenarios can be little irrore than educated guesses. 

From our examination or projected supply and demani for rav/ 
materials, for energy, and for major grams and meats, we have concluded 

i 

that tljere will be no shortages in the next three decades or more cf a 
kird which would .-cquire us to go into space just to survive. Based on these 
considerations and numerojs,4)istorical analogies, it is most likely that 
the primary reasons for Space Industrialization activities during tfie early 
stages will be jconoraic profitability in the short term, national prestige, 
political conside*'ations (some resulting from pure human curiosity), and 
spin-offs from possible military programs. We thus view the present task as 
a form of contingency planning in which we have attempted to gain some in- 
sight into thos® conditions in the human system and its environment which 
would either encourage or aiscou'*age particular activities in space. This 
analysis allows us to identify ovportuniticc f^r the advocacy of particular 
space prog'xtms within the specific contexts of a wide range of possible 
futures. 

Possible futures have been the subject of numerous studies in re- 
cent years, and we have reviewed a number of these, including several studies 
made for the ourpose of planning space programs. In many of these studies, 
if more than one -scenario for the future is presented, the various alterna- 
tives are usually arranged m a linear progression from "pessiMstic" to 
"optimistic". This approach, it seemed to us, was inadequate for our goals 
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in this study. We have Instead approached the generation of alternative 
scenarios by means of a morphological analysis. Our concern has been to 
identify those large scale aspects of the human system and its environment 
which have a direct connection to Space Industrialization and which would 
alter the mix of space development programs appropriate to each of the alter 
native futures. For the purposes of morphological analysis, such large 
scale aspects of the human system and its environment car. be categorized 
into political, societal, economic, technological, environmental, and mili- 
tary factors. (The distinctions between these categories are admittedly 
somewhat arbitrary.) 

2 . 2.2 Construction of Alternative Sce*"3nos 

We have selected a list of twelve events or developments which 
appear to have a reasonable chance of occurring in the next two or three 
uecades and which would be likely to have major effects on the shape of the 
future. Arranged according to the morphological categories listed above, 
these "triggering" everts pc. developments are as follows: 

Politica l. 

Major advances in space--6y other nations 
U. S. committment to space 

Societa l 

Major breakthrough in ‘-’uman longevity 
U. S. disenchantment witn space 

Economic 

Entrepreneurial exploitation of space technologies 
Artificial shortages of critical minerals 
Economic collaose due to shortage of Copital 

Technolo gi cal 

3reak through in a new energy source 
Breakthrough in artificial intelligence 
Contact wi^th extraterrestrial intelligence 

Environmental 

Human-generated ecological catastrophes 
Rapid cooling of the Northern Hcn-ispherq. 


SO 





(By the ground rules ofthe study, military factors have been excluded from 
consideration as stimuli for Space Industrialization.) , While this list is 
certainly not exhaustive, it appears to cover a diversity of possible fu- 
tures. 

Our approach to scenario generation has thus been to develop a 
baseline extrapolative scenario (“surprise-free") which does not include any 
of the above developments but accepts existing forecasts of populatio.n 
growth; economic indicators such as GNP, personal incomes, unemployment, and 
so forth; minerals supply and demand, and similar factors. Fleshing these 
out with social and political trends which have been evident for several 
years (at least), we obtained a basic scenario which contains no surprises. 

For our alternative scenarios, we then assumed that the baseline 
scenario was modified by t'le addition of one of the above listed triggering 
events or developments and followed through, on the basis of our best under- 
standing of how the human system works, the likely consequences of that 
trigger. Doing th’s in turn for each of the triggering events above 'd 
thus have produced twelve alternative scenarios in addition to the baseline 
scenario. Two of the developments, however, proven to be 'bizarre" issues 
in the sense that their likely consequences will depend too strongly on un- 
foreseeable details. These issues are a breakthrough in artificial intelli- 
gence and contact with extraterrestrial intelligence. 

We thus obtained a family of eleven alternative scenarios for 
the future. Necessarily, the emphasis in all of these has been the United 
States, but we iiave attempted to incorporate as much understanding of other 
nations as we found credible among ourselves. We do not expect that macro- 
economic factors which can be quantified (such as GNP, population growth, ... 
etc.) wi’l vary enofffiotisly fiom one scenario to the next in most of these 
alternative futures, in a few cases, where major deviations might oe ex- 
pected, we will explicitly mention these. 

The pi incipal differerces among those alternative futures with 
respect to Space Irdustrial ization prospects lie in public perceptions of 
the most urgent policy issues at each moment and in personal lifestyle pre- 

f ^ 

ferences, not m material needs. Since commumcatjons satellites^ are 
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already consnercially .successful , it is not surprising that they appear to 
play major role in all eleven scenarios. 

The scenarios are presented in thw following pages, with a brief 
discussion presenting some background information about the assumed trig- 
gering events or developments and, in some cases, about the results. The 
scenarios have been detailed in chart form, listing events and trends by 
morphological categories and in chronological sequence. A useful approach 
to reading these charts is to begin with the triggering events at the top 
of each chart, tracing down across morphological categories to see the ef- 
fects shortly thereafter. Bear in mind that most of the events postulated 
in the baseline scenario also occur in most of the alternatives unless ex- 
plicitly noted otherv/ise. 

The scenarios are presented in the following order: 

I. Baseline 

II. Challenge of Foreign Space Advai>C''s 

III. Cormittment to Space 

IV. Longevity Breakthrough 

V. Disenchantment with Space 

VI. Space entrepreneurs 

VII. Shortages of Critical Minearls 

VIII. Economic Collapse 

IX. Energy Breakthrougn 

X. Ecological Catastrophes 

XI. Cooling of the Northern Hemisphere 

In each scenario, the factors which wp believe v/ill present the best oppor- 
tunities for advocacy of. specific space programs (or the greatest obstacles 
to advocates) are unde’ ^ lined . How thesa factors interact to push, pull, or 
resist space programs will be discussed in the next section. 

2.2.2, 1 Scenario 1: Baseline 

^ The basic premise of this scenario is that present trends continue 

essentially unchan'ged, and that federal and state governments continue to 
emphasize short-term (less than four years) programs and goals at the expense 


OASEUNE "MUDDLE THROUGH SCENARIO 
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of longer range planning. Thus tax laws and regulations encourage short- 
term views by business and industry as well. Some companies nonetheless 
manage to do some effective planning, up to perhaps ten years ahead. 

As the elderly (ever 6b) population increases in numbers faster 
than the total population, Social Security costs. Medicare costs, and wel- 
fare costs escalate even faster than inflation. T is trend is exacerbated 
by further liberalization of benefits and extension of benefits to more 
categories of people. Simultaneously, the growing numbers of the olderly, 
increasingly vigorous and healthy, stimulate demand for all forms of leisure 
time activities, including adult education, travel, and entertainment. In 
creasing leisure' time among tne younger generations further stimulates de- 
mand for more wilderness and more recreational facilities tiot'i in the cities 
and in the countryside. The environmental ist movement continues to gam in 
political strength, focussing its attention espei-ially on biotoxic and 
carcinogenic pollutants. 

Despite fluctuations about the upward trend, macroeconomic indi- 
cators continue to show grov^tf . Growth of personal incomes, gross rational 
product, and major industria’ and agricultural commodities have been pro- 
jected in another part of this study, both for the United States and for the 
world as a whole. Third World nations also share m this centmumg g-owth, 
averaging somewhat higher rates of growth than the industrialized nations, 
escecially as greater emphasis is placed on rural and agricultural develop- 
ment to make the largest sectors of their economies more productive West 
Germany and Japan continue rapid and strong economic growth, assun'i"g eco- 
nomic dominance in Europe and in the Pacific, respectively. Under interna- 
tional development programs, many of the Thud World nations which have 
hitherto been considered "lesource pour" devote more intensive effort to 
geological surveying and prospecting, resulting in the discovery of nuiiurous 
unsuspected mineral resources which can be developed with foremn 1 r.Vl’'^cmer,t 
funds and loans. Strong economic tics between the OPEC countries and the 
industrialized nations bring the rate or increase of world petroleum prices 
into line with the general inflation rate. 

No major smfts in international alignments occur during the en- 
tire period. U. S 


foreign po^’cy continues to be shaped larnely by 


84 






! 


t I 



t 


compet ‘1 tion with the U.S.S.R. ip every arena - political, economic, mili- 
tary (including guerrilla insurgency), and prestigious. Third World civil 
wars and local br^hfire wars continue, with frequent gestures of support 
for the combatants from the U. S. and tne U.S.S.R., but no major committ- 
ments or direct involvement by either superpower. Real defense spending by 
the U. S. and by the U.S.S.R. remain about steady (in constar.t purchasing 
power) at present levels in a perennial standoff. Despite efforts by the 
more senior members of the nuclear weapons club to prevent proliferation, 
one more nation joins the club every three to six years, but no "se of nuc- 
lear weapons ensues. 

In the United States. National Health Care is implemented in the 
early 1980' s and is rapidly extended to most of the population within a 
years. As part of this plan, rerional emergency and trauma treatment C''n- 
ters are designated tnrougliout the nation. In rural areas, the system in- 
cludes subsidized ambulance sp‘‘vice (frccieently airborne), designed to pro- 
vide maximum response times of one hour. The costs of this system aggravate 
the escalating costs of welfare progr.ims alreadv mentioned abnve. 

During the 1980' s Appalachian coal mining expands sign’f’can'.ly , 

' , / 
but lags after the mid-1900's because of a severe limitation of workers 

willing to mine coal. After extensive legislative and judicial struagl'>s, 
environmental restrictions on strip m’nina are sufficiently relaxed to allow 
rapid expansion of strip mining in the Western states. Subsequently, how- 
ever, the environmental costs of miring and burning coal arcirse greater pub- 
lic concern, and piblic r'^cognition of the necessity of more diversification 
of energy sources in the national energy system grows rapidly. Numerous 
incidents of marine pollution result in tightened regulations on Miterna- 
tional shipping, especially on the use of flagships of convcmonco in U. S. 
ports. Other .industrial ized nations soon follow suit. 

The "back to the land" movement continues to grow in size and im- 
portar.ee, but is still a minority of the total population. Rising energy 
costs and increasing personal concern about food additives and about the pos- 
sibility of total social breakdown in urban areas contribute to this move- 
ment's' g. owth. The growing difficulties and sharply r.smg cos^s of com- 
muting simultanecus ly stimulate a return bv the middle class to urban 





living or into new cities of medium size developed around new industrial 
^enters in "the hinterlands. Suburbs becon« much less fashionable places to 
live. State and federal governments and proliferating supra-local aaencies, 
reacting to these trends and to environmentalist pressures, undertake more 
and more comprehensive land use planning. 

The first Space Shuttle flight in 1979 or 1980 stimulates some 
renewal of interest in space, especially in the wake of "Star Wars" and as 
the "Star Trek" generation reaches voting age. Materials processing experi- 
ments aboard Spacelab soon show a number of economically promising possibi- 
lities. A handful of high-technology companies with active, longer range 
planning begin to invest in Shuttle payloads during the mid-1960‘s for fur- 
ther experimentation and for small-scale pilot production runs. Public en- 
thusiasm for space is further aroused when a popular V l.P. takes a highly 
publicized ride aboard a Shuttle flight in the mid-1980's, especiilly since 
the entertainment value~of the event responas so well to the ever-grov^mg 
demand for leisure-time activities. Shortly thereafter, the U.S S.R. de- 
ploys a major new space system (either a new heavy-lift vehicle or a re- 
usable Shuttle-like vehicle). A probe launched by the U.S. S.R, in 1982 to 
rendezvous with Halley's Comet in 1985 is highly successful and stimulates 
still further interest and excitement about space activities in general. 

In the military arena, incieased research ar.d development activi- 
ties ■’n strategic systems and in military space systems (reconnaissance, com- 
munications, and interception) contribute to concern about U.S. S.R. activi- 
ties of a non-scienti fic nature in space, and some sophisticated satellite 
hardware results from military programs, providing some technological spin- 
offs for non-military space applications. 

1 

2. 2.?. 2 Chal."- ige of Foreign Space Advances 

While the Soviet program to develop the so-called G-vohicle nas 
had multiple difficulties over the last ten years, it 'S unlikely to be ab- 
ando'ned. It Is thus merely a matter of time before the U.S-5.R deploys a 
new launch vehicle comparable in payload to the Saturn 7. In addition, the 
U.S. S.R. Is reportedly working on a reusable human-r^ted vehicle co'-parable 
to the Shuttle, although likely to have a smaller payload capacity. Long 










range So.iet goals in space arc known to include large, permanently inhab- 
ited sp'^ce stations. While U. S. reaction to such .^.dvances is not likely to 
be as strong as the 1957 reaction to Sputnik, it is unlikely that chere would 
not be some increase in support for space programs. 

A further factor on the international scene is the loss of eco- 
nomic revenues to the United States because of successful competition for 
vital space-related electronics hardware from other countries, as has al- 
ready happened to a significant decree in the case of Japanese manufactured 
ground stations fo*" communications satellites. Launch~vehicle development 
programs in France, Japan, and several other countries may also take away 
launch service revenues from the U. S. during the early to mid-\9a0's. Con- 
cern for U. S. trade deficits could stimulate greater efforts to oploit our 
space technology base for economic reasons. 

2. 2. 2. 3 Committment to Space 

Many large-scale shifts in the direction of motion of entire na- 
tions have resulted fron decisions made for purely political reasons, many 
of these have been subsequently justified (in economic terms) by hindsight. 
Given the pre-eminence of U. S. space tecnnology and some evidence of rising 
public interest in space (such as demonstrated by successes of "Star Trek" ' 
and "Star Wars") a purely political decision to ^ocus U. S. efforts on a 
major thrust into practical uses of space is a distinct possibility. The 
present void on the national political scene of any serious supporter of 
space also seems to present an opportunity for political exploitation. A 
deliberate effort to develop an international space program could also he 
used as a tool to enhance U. S mage abroad and as a vehicle for interne.- 
tional cooDeration in other areas as well. 

2. 2.2.4 Longevity Breakthrough 

Gerontology (the scientific study of the aging process) has made 
major advances in understanding the mechap’sms by which the genetic code has 
programmed us to age and die. A number of possible directions for the devel- 
opment of therapeutic means to significantly retard (or, perhaps, even ** 0 - 
verse) the aging process have been identified. These arc all being vigor- 
ously pui-sund in pharmaceutical and biomedical research laboratories around 
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the «or1b, and knowledgeable researchers In the field have guessed anywhere 
frwi ten to fifty years of further research before a major breakthrough, that 
is, before the discovery of therapeutic means to at least double normal hu- 
man lifesoans. In the U.S.S.R. and in Rumania, recent five-y»»ar plans have 
given high priority to life-extension research. 

If we postulate that such a breakthrough occurs in 1985, the demo- 
graphic impact on the United States would be as shoivn in the table on the 
following page under the assumptions given in the scenario chart. The ef- 
fect on total population would be fairly slow; but the effects on the age 
Btmoture of the poDulation would be dramatic. Because of these structural 
changes, major economic reforms would be required. We envisage rapid imple- 
mentation of the economic ideas of Louis Kelso as. the national response to 
this economic crisis. 

I 

But a more profound change would also have come about by a sudden 
and dramatic change in our litespan. Individuals would oecome much more 
prone to change careers several times in their lives, ratner than spending 
forty to fifty years in a single lifetime career. Moreover, with greatly 
extended personal time horizons, greater interest in futurology and in space 
would be very likely. The expression "I won't live to see that, in my life- 
time," frequently used today to justify short-term planning to the exclusion 
of long-term planning and research, would lose much of its political clout. 
This effect is shown in che accomoanying graph, which illustrates horizons 
resulting from possible progress in longevity research. The assumptions of 
this figure are sontowhat different from those of the Longevity Bre^through 
Scenario, but the effects on time-horizons for the individual arc comparable. 
The discontinuities in slopes indicate the possible changes in death rates 
for each of the specific f’crapeutic techniques expected during the next 18 
years. If you arc 40 years old, for example, you would have about a 50" 
chance of living another 86 years, surviving to age 126 in 2063.' People 
under 30 years old would have at least a 50% chance to living to celebrate 
tfo U. S. Tncentnnnial . If such breakthrough materialize, the expression 
"That will never happen in my lifetime" will lost its force as a political 
factor in discussion of long-term programs and policies. 
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(The status of gerontological research as of 1976 is reviewed in 
"Prolongevity", by Albert Rosenfeld. The economic ideas of Louis Kelso are 
described iii his books "Howoto Turn 80 Million Workers into Capitalists on 
Borrowed Money" and "The Cepitalist Manifesto". These ideas have already 
been implemented in part by the 1976 legislation creating Employee Stock 
Ownership Plans - ESOP.) 


U. S. DEMOGRAPHIC SHIFTS FOR LONGEVITY BREAKTHROUGH SCENARIO 

“> 


Year 

Population 
above age 65 
(millions) 

Fraction of total popu- 
lation based on Census 
Bureau projections - 

Total population (mil- 
lions) based on Census 
Bureau projections - 


Without With 
Breakthrough 

Ser. II 

Ser. 11 i 

Ser. 11 

Ser. Ill 

1980 

24.5 

11. OX 

11. IX 

222.8 

220.4 

1990 

28,9 

31.0 

11. 8X 
12. 5X 

12. 3X 
13. OX 

245.1 

247.5 

235.6 ' 

238.0 

2000 

30.6 

43.6 

11. 7T 
15. 8r. 

12. 5X 
16.8% 

262.5 

277.2 

245.1 

259.8 

2010 

33.5 

59.2 

ic.or 

18.6'!' 

13.4% 

21.3% 

279.0 

317.4 

250.0 

278.4 


The Census Bureau's Senes II and Senes III projections are based on dif- 

1 

ferent assumptions about moan completed fertility trends; Series II assumes 
fertility wil’ rise from present 1.3 children per woman to 2.1 (the replace- 
ment rate), while Senes III assumes fertility will continue to decrease 
down to about 1.7 children pi*r woman. Not migration into the U. S. is as- 
sumed to be the same in all cases. 

2. 2. 2. 5 Disenchantment with Space 

Several factors visible in social, economic, and political trends 

t 

in the United States today could lead to further reductions in national in- 
terest in space. These include the vacuum at the national level of strong 
political committment to space, growing costs of social welfare programs; 
and generally short-term planning with little consideration for projects 
with longer times before payoff. Continuation or exaggeration of these 
trends could result in a slowdown of the Space Shuttle/Spacelab programs to 
such a degree that few if any opportunities for economic returns using 
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these systems would be found simply for lack of trying. 

Even in ^uch a pessimistic scenario, some opportunities remain 
open for space advocates to successfully push through some Space Industrial- 
ization projects, principally in the area of communications and Earth re- 
sources satellites. 

2. 2. 2. 6 Space Entre^reneurs 

Assuming only that bureaucratic and legal obstacles to commercial 
ventures in spare can be minimized or otherwise circumvented, commercial 
exploitation of opportunities in space could become significant factors in 
the evolution of space programs and activities. Communications, of course, 

IS already a viable industry in space; furtliPr exploitation of communications 
satellites can be expected to be a significant feature of the 1980's. ,1ap- 
anese electronics companies have already captured much of i.he global market 
for che ground stations for communications satellites. Private ventures in 
other countries have already invested in R&O programs ior low-cost launch 
vehicles (most notably, OTRAG in West Germany, which has also leased a pri- 
vate launch site on the equator in Zaire, conducting its first apparently 
successful sub-nrhital test flight in the spring of 1977). 

With reasonable success of the Shuttle/Spacelab program during 
the 1980's, materials processing applications could become attractive invest 
ments for high-technology companies. With sufficient numbers of such flight 
by a number of different commercial ventures, it would also become feasible 
for such companies to pool resources to develoo and operate support facili- 
ties ill space (such as a power module for the Shuttle, and, eventually, 
living quarters for workers). 

I 

Success by a few cwiipanies early in the Shuttle era would stim- 
ulate innovation and competition, not only by U. S. companies, but by for- 
eign and multinational companies. The economic advantages of equatorial 
launch'may provide sufficient motivation to permit case-by-case solutions 
to the obstacles presented by existing international space law, providing 
space users with several alternat’ves for launch services, all of them 
stressing minimization of red tape. 
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2. 2. 2. 7 Shortages of Critical Minerals 

While the hypothesis of Ttu t>: Gi'cutth is that intrinsic 

global shortages of industrial raw materials pose a serious threat to tech- 
nological and industrial civilization in the next few decades has been 
largely laid to rest, there are a number of minerals having significant eco- 
nomic leverage which are in relatively short supply and which are very un- 
equally disiributeo on the Earth. Disruptions of international trade in some 
of those commodities could cause temporary but economically important dislo- 
cations in t**ade, production, and prices of finished products. 

Natural gas is one such comnidity. Present planning assumes sig- 
nificant increases in U. S. imports in the next decade, much of it in LNG 
transported by special tanker ships. Adverse public reaction to the explo- 
sion of suen a tanker in a major harbor could delay LNG imports for years 

Some scaiXG metals such as chromium, manganese, vanadium, and 
colombium (niobium) are vital ingredients in stainless and special high- 
strength steel alloys. Most of the annual consumption of these metals in 
the United States is supplied by imports from South Africa, Southern Rhode- 
sia, Brazil, ana the U.S.S.R. Half of our annual platinum consumption comes 
from South Africa. For each of these metals, domestic stockpiles ( loth in 
industry and I'l the government) are sufficient fro two or three years, per- 
haps sufficient to carry us through a transition to other suppliers or to 
develop subsiitutes for essential uses. (Titanium, for exampl,>, could be 
substituted for many applications of stainless steel or for some uses of 
high-strength steels.) During the transition, however, sharp dislocations 
would be felt in some parts of the domestic economy. Any of these imported 
metals (and a number of others .is well) could be interrupted by political 
factors, some domestic, others foreign. Guerrilla wars, political revolu- 
tions, and trade embarqos are a few of the mechanisms by which such supplies 
could be disrupted for more than a few days or weeks. 

2. 2. 2. 8 Economic Collapse 

As has been pointed out by a number of critics of 'J#. S. energy 
planning, the capital donuinds for the enerq> industry m the next few decades 
appear to be staggeringly largo. The "traditional" share of net private 
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capital investicent has been 25 to 3Qf; extensive deployment of nuclear 

y 

power plants, coal gasification projects, and shale extraction facilities 

could push that share up toward 65it by the mid- to late-1980's. 
o 

Since the OPEC price rises of 1973-1974, Third World countries 
which have no domestic energy production comparable to their energy consump- 
tion have been forced to borrow extensively to pay for current oil imports. 
Much of this borrowing has been long-term, lew-interest loans from U. S. 
banks. 

Both of these demands for U. S. capital fends have been rising 
upward, with little evidence of compensating increases in capital supply. 
Carrying these trends forward has resulted in a scenario for economic col- 
lapse. 

2. 2. 2. 9 Energy Breakthrough 

Petroleum, natural gas, and electricity prices show no sign of 
decline for some lime to come. Both nuclear power end coal mining and burn- 

I 

ing have encountered significant environmentalist opposition which can be 
expected to continue. Coal gasification and liquefication appear to have 
very high capital costs as well as serious environmental and technological 
difficulties. Fusion poiver appears to be several decades away f*^om comme»'- 
cialization as yet, and seems likely to have very high capital costs. Solar 
- energy schemes (except for water heating and for space heating and cooling) 
have generally been stymied by the necessity for very expensi;e storage 
systems. 

In this climate, the opportunity remains for the development of 
new energy technologies or sou»‘ces by private industry, even if federal en- 
ergy policy fails co develop a clear direction with viable goals. One such 
possibility is geopressunzed natural qas deposits b leath the west'^-rn Gulf 
of Mexico and adjacent onshore areas, where large quvtitities of metnan'' 
appear to be dissolved in high temperature, pressurized brine in prooi-s 
aquifers. (See Fortune Magazine, October, 1976.) Prel ''r,ina''y estimates 
suggest that natural gas could be produced frem these deoosits at prices of 
about $2.50 to $3.00 per thousand cubic feet. If natural ga: prices were 
deregulated, development of this resource would permit the clr'ctncal 






utilities to convert most power plants to natural gas, reducing the capital 
requirements for new power plant conctruction by nearly one-half. 

for this scenario, hov/ever, we have postulatec a breakthrough in 
the photoelectrolysis process which uses solar energy to split water into 
hydrogen and oxygen which are evolved at physically separate plates. The 
energy required to split water is about 2 eV per molecule. Only a small 
fraction of the solar flux consists of photons with 2 eV or more. But the 
photoelectrolysis reaction is mediated by two photons whose energies to- 
gether total 2 eV or more, so that much more of the solar spectrum can be 
used. The theoretical efficiencies for photoelectrolysis can be as high as. - 
40 to 452 in conversion of sunlight into hydrogen fuel, and this process 
circumvents the need for cumbersome and expensive thermal stroage systems. 

At the present tine, the principal difficulties involve materials . 
problems at the cathode and the anode, especially the latter, where nascent 
atomic oxygen creates a corrtisive environirent. Such a situation is subject, 
to an unexpected breakthrough at any time in finding suitable materials. 
(Consider Edison's search for a material for a light bulb filament.) Costs 
for hydrogen produced by photoelectrolysis could be competitive witn deregu- 
lated natural gas of equivalent energy content. (See A. J. Nozik, "P-N 
Photoelectri lysis Cells", Applied Physics Letters 29, 150 (1976), and ref- 
erences given there.) 

2.2.2 '.n Ecological Catastrophes 

Ecological concerns have become a major public policy issue in 
the last two decades. Despite a great deal of attention to air pollution 
and spoiling of the landscape by mining, industrial, and municipal wastes, 
no sources of air or land pollution appear to be capable of producing a glo- 
bal or nationwide impact of major epidemiological or economic significance, 
with the possible exception of a major nuclear reactor accident or of the 
accidental dispersal of nuclear reactor wastes including plutonium over a 
large area. The same case seems to hold for the open seas as well: no 

long-term ecological damage seems to have resulted from any of the few do..en 
oil tanker disasters of the last decade or two. 
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But marine pollution could have major impacts if the incidents 
involved one of a few identifiable "leverage points", including closed 
waters, the Arctic ice cap, and certain fisheries of critical significance 

,i 

in the global economic system. These possibilities were the basis for th.j 
scenario. 

Dissipative mechanisms for large oil spills at sea initially de- 
pend on wave action to break up the slick into sm-all patches which are th*»n 
dispersed by strong currents and by the wind. Should a large slii.k occur 
in the Western Mediterranean during a period of calm weather, a large slick 
could prevent the build-up of waves by wind action. Since the Western Medi- 
terranean (which loses more water by evaporation than it collects from 
rivers flowing directly into it), currents are generally weak. The breakup 
of a very large supertanker could produce a slick large enough to cover the 
entire Western Mediterranean. 

The Arctic ice floes melt at the top, accumulating new ice at the 
bottom. If large quantities of oil spilled near tne edge of the Arctic 
Ocean were transported under the ice and frozen into tre ice, after a period - 
of a few years the oil would significantly increase the absorption of sdTar 
heat by the ice during the summer, accelerating polar melting without any 
increases in the rate of freezing during the winter. With extensive dam . 
construction on northward flowing rivers in the U.S.S.R., the salinity of 
Arctic waters in the eastern hemisphere has been increasing, making it more 
difficult to refreeze the Arctic icecap should melting advance too far, 

(See Mesarovich and Pestel, "Manking at the Turni.ig Point: The Second Re- 
port to the Club of Rome", E. P. Dutton & Co. and Reader's Digest Press, 

New York, pp. 149-150.) 

Approximately one-third of the annual marine catch of fish is 
used for agricultural fertilizers ann for livestock feed supplements. A 
major component of this fishing activity is the anchovetta fisheries off 
the coast of South America. The global importance of these fisheries was 
demonstrated when meat and soybean prices in the United States and Japan sky- 
rocketed as a result of a sharp drop in the anchovefta catch in 1973 which 
further aggravated the effects of the 'OPEC oil boycott and price increases. 
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2.2.2.11 Cooling of tho Northern Hemisphere 


Since World Hjr IJ, the dver.igp growing season (i.e.. the ii.ter- 
val between the last frost of spring and the first frost of autumn) has de- 
creased by about ton days in Great Britain and Irt'land. In that same per- 
iod, glaciers on Mount Rainier (near Seattle, Washington) have advanced about] 
one-third of the distance they had retreated between 1900 and 1950. Nunn'r- 
ous other scattered bits of data strongly suogest that the mea.i temperatiire 
of the Northern Homv.phere has bc'en declining for the last two or three 

decades f»-iim a period of exceptional Iv favorable weathei during the first 

ii 

part of this century. Since the Ih-ited States, Canada, and the Soviet Union 
grow a m.i.ior and decisivelv impoi tant share of tho world's total gi.nn pro- 
duction, an adverse ciiaiiiie in the climate of the Northern Hemisphere '■mild 
have grave consequences in the face of rising global population. 

Although let bnological me.ins of increaMiig agncul tiir.il pioduc- 
tivity have pla»ed a'i important role since World 'War II, it has aKo bmome 
increasing! V appaiont that land tvfonn offers mapor opportunities for rapid 
increases in produc.ivitv without m,i.ior expenditures of capital or energ\ . 
This approach has .had rimurl.able success in Taiwan, China, and South Korea. 
Moreover, tochnaUigical mi*ans (such as the introduction of "green i evolution" 
seeds) have beer most successful whore land ownership patterns provide 
equity for f^e small farm»M-, as was the case in India's Punjab State. (The 
same situation also applied in the United States in the 1‘^30's when new I 

I 

hybrid varieli.'s of corn wme introduied.) A severe, global crisis in food 
production might bring about such nuMsuros in Third World countries wimh 
could not afford to owtivto with industrial iced nations tor tho purchase o! 
imported gram. 

2.2.3 Ge nera 1 ObsiM'vat ions 

The sionanos described here span a wide range of possible fu- 
tures. While opportunities for the .ulvocacv of a variety of .specitu. Space 
Industrial watuin activities appear in every scenario, many of these oppoi - 
tunities are apt to fall in the privatf' sector rather than in NASA or other 
governmental .itjencies. because of the strong possibities of svrtergisms be- 
tween various space activities, however, NASA can no moro igiun'o private 
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sector activities and developments than the private sector can ignore NASA 
plans for development of new launch vehicles. If NASA's efforts are to have 
the greatest benefit, those efforts must be based on up-to- date understand- 
ing of the opportunities for advocacy presented to the private sector and to 
the public sector by developments in the human system as a whole. This re- 
quires ‘Iir. examination by NASA of the changing opportunities and of 

the changing fabric of the human system. Planning Space Industrialization 
cannot be done effectively if it is done only in fits and starts; tlie vola- 
tility of the human system requires reassessment of alternative futures on a 
contini''us basis to identify, at each moment; what space systems and space 
technologies are most likely to be used by a wide variety of Space Industri- 
alization opportunities. .h«nt mt nhoyt-vemge plarmhu) is done on a contiru- 
inij, •to'i-t o-daii home, mid- and lOng-rangc planning must be done eentinuoua- 
hj to prepare J'on aontingcneica. 
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3. INDUSTRIAL OPPORTUNITIES IN SPACE 


3.1 INTRODUCTION 

The ('stablishment of future markets and a Space Industrialization 
program for each future scenario required a compilation of potential op- 
portunities: These were established to a level of detail and breadth of 

application sufficient to allow gross market sur-^y and preliminary program 
formulation. 

The purpose of this compilation was not to create an exhaustive 
shopping list of opportunities but rather to key in certain indicative 
possibilities within each industrial activity identified (Information Ser- 
vices, Energy, Products, People). The qoal was of sufficient breadth to 
insure representative program formulation and appropriate market survey. 

The tesult of this is a conipilaticn of over 250 potential applications for 
space related goods and servlets. 

3.2 MtThODOLOGY FOR OPPORTUNITY IDENTIFICATION 

An in-depth literature survey of over 100 documents was conducted 
by SAI and Southern Research Institute (SoRI) and opportunities for space 
industry noted and compiled. Additional ideas were obtained by review with 
consultants and conceptualization of applications based on the accumulated 
data. The elements of the overall compilation procedure were accomplished 
within each industry activity (Information Services, Energy., Products, Peo- 
ple) and the results combined into one document. Although all team members 
participated in the four activity areas, specific responsibi'n’ty for accum- 
ulation of op'/ortuni ties under Information and People rested with SAI while 
SoRI investigated Energy and Products. Overall responsibility for assem- 
bly, dissemination and reporting was assigned to SoRI. 

An extensive survey of existing literature including NASA funded 
studies, results of experimental programs, reports on operat’onal experience, 
projections by futurists and privately funded study publications was con- 
ducted. Several recent publications were particularly useful and are libted 
below by their popular name - ' 
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V Outlook For Space 

Aerospace “New Initiatives' Study 
G E BUS Study 
® NASA SPS Studios 

Enricke Papers on "Extraterrestrial Imperative" 

- As previously noted, all study team members (including consul- 
tants) made inputs. Specific- interested parties who supported this compi- 
lation included Ivan Bekoy of the Aerospace Corporation, Don Waltz of TRW, 
Hans Wueiischer (retired for MSFC, now consulting) and a number of engineers 
and scientists at M£fC and NASA Headquarters. 

The "brainstorming'' portion of the approach encompassed both 
individual and group activities with no constraint other than techniral 
feasibility applied. This resulted in identification of a broad range of 
specific applications. 

The output of the literature search, individual review and brain- 
storming were consolidated into a single document. T.iis document became 
the basic input to the market survey, program fomiulation and system char- 
acterization suhtasks. The scope of the applications and opportunities 
identified ranged from descriptors of a few words to extended discussions 
of technical and operational detail gleaned from previous studies. 


3.3 


OPPORTUNITIES AND USES IDENTIFIED 


As previously noted, the opportunities and their identified re- 
presentative usage wore compiled under four industry activity categories: 
Information Services, Energy, Products and Peoole (in space). Each of 
these categories was further subdivided into subcatogones as fellows. 


Inf ormation Services 

Conmiinications 
Observations 
Navigation 
Location 
Sensor Polling 


Energy 

Solar Power Satellite 
Redirected Insolation 
Nuclear Waste Disposal 
Nuclear Power/.Dreeder Satellite 
Power Relay 


loy 




Products 

People 

Biologicals 

Tourism 

Electronics 

Medical 

Electrical 

Ertertainment/Art 

Structural 

Recreation 

Process- 

Education 

Opticals 

Support 


Within each of these subcategones a number of aggregations were defined | 

in order ito facilitate market survey and system characterization. A tally 
of various characteristic uses identified for each aggregated product area I 

was tnen made end sunmed by subcategory. Tne listing of product agoregat ions . i- 

and results of tne tally are presented in Tables 3-1 through 3-4. In a ^ 

few instances a specific use shows up under more than one aggregated product L 

since more than one way to accomplish an end objective exists. The numbers 

for reference only, however, and no Influence on markets, progran’<; o* i 

systems results from multiple appearance of a "use". 

/ 

The extended compilation of oppoctynlties is contained m the [ 

Appendices (Volume 4). 









0 

0 

0 

[j 


n 


i] 


0 


0 

0 

0 

Q 

II 

E 


■n. 


I I 


-L 




TABLE 3-1. OPPORTUNITIES IDENTIFIED 


I 


INFORMATION SERVICES 

AGGREGATED PRODUCTS 

SPECIFIC USES IDENTIFIED 

CoiTRiuni cations 

Individual 2-Way 

1 



Group 2-May 

9 1 

25 


Down/Up Link Only 

9 



Remote Control 

6 , 


Observations 

1 

Environmental Monitoring 

10 



Resources Manitcring 

7 

19 


Surveillance 

2 1 


Navigation 

Aerial 

? i 

3 


Nautical 

1 j 


Location 

Individual 

4 

9 


Pdckages/Vehiclcs 

5 


Sensor Polling 

Individual 

3 

1 


Groups 

4 

11 


Automated Polling 

4 

/ 
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TABLE 3-2. OPPORTUNITIES IDENTIFIED 


ENERGY 

AGGREGATED PRODUCTS 

SPECIFIC USES 

IDENTIFIED 

Solar Powrr Satellite 

Electric Power 

2 

2 


Heat 



Rediiected Isolation 

High Intensity 
Low Intensity 

5 

5 

Nuclear Waste 
Disposal' 

Long Term Safety 

1 

1 

Nuclear Power/ 
Breeder Satellite 

Elect**ic Power 

1 i 



Nuclear Fuel 

1 1 

i 

2 

Power Relay 

Power Distribution 


1 


Aircraft Power 

1 I 

t ^ 


3 




TABLE 3-3. OPPORTUNITIES IDENTIFIED 


Biological 5 


AGGREGATED PRODUCTS 

Separati on/Puri f icati on 
Culturing 


SPECIFIC USES IDENTIFIED 


Electronics 


Semiconductors 

Rectifiers 

Devices (Microcircuits, etc.) 


Electrical • 


Magnets 

Hiring 

Devices (Switching, etc.) 


Structural 


Casting 

Irmnscible Alloys 
Float Zone Refining 
Directional Solidification 
Composites 
Joining 


Process 


Catalysts 1 

Membranes 4 

Powders 5 

Purification 11 

Deviv.es (Thermostat, etc.) 2 

Fibers 7 

Lenses 8 

Filtf»rs 2 

Special (Electronically 7 

conductive glass, -etc.) 


Exterrestrial 


Consider all of above where 
raw materials compatible 


3 
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TABLE 3-4. OPPORTUNITIES IDENTIFIED 


PEOPLE 

AGGREGATED PRODUCTS 

SPCIFIC USES IDENTIFIED 

Tourism ® 

Short Tern (Days) 

2 



Long Term (Weeks) 

1 ; 

5 


Transport 

1 


Medical 

isolation 

2 

I 



Treatment 

2 

5 


Augmentation 

1 1 


Entertainment/ Art 

Objects (From Space) 

3 1 

6 


Activities (In Space) 

3 ! 


Recreation 

Amusement Park 

1 j 

1 

3 


Lodging 

2 1 


Education 

Classes Prom Space 

1 

3 


In-Space Cless.'oom 

2 


Support 

Social Isolation 

3 i 

6 


Ecological Isolation 

3 ! 
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4. THE TERRESTRIAL ALTERNATIVES 
4. 1 METHODOLOGY 

Thirty-two candidates '^for space utilization were compared to 
potential Earth based alternatives. Co"iparisons were based on examining 
the initial cost of installation on a first order basis and a cursory 
review of qualitative factors such as ease of use, reliability, technology 
requirements, etc. If costs and capability obtained appeared comparable 
between the alternatives, they were retained for further study. In 
certain instances the identified space uses exhibited much lower cost for 
similar capability. These were identified as dearly viable 
candidates. Where cost and/or capability were clearlv sujienor 
for the Earth alternative, the candidate was dropped from further 
consideration. 

Because of the substanti.il list of space preferred or preference 
undetermined candidates (19) in the areas other than pioducts, a qroiipina 
approach was taken in further alternative comparisons. A rcpresentati ve 
space candidate was drawn from the miornution and energy areas to serve 
as a "stravmian" against which to consider .terrestrial options. While 
clearly not the equivalent of an item by item analysis, it was felt that 
this technique would, nevertheless, reveal implications of a generic 
nature The materials candidates were dropped from further consideration 
owing to two factors: 1) unique characteristics which did not support 
easy grouping and, 2 ) most identified products could have terrestrial 
alternatives in terms of alternate means of manufacture, substitute materials 
or replacement of need. 

Once these groupings were in p’acc, they and previously established 
jltornative data were input to efforts to conceptual ize specific alternative 
conf igiirations for consideration. Not only were existing ground systems 
considered, but also systems based on existing or logically extended 
technology. > 

Connansons were then mad-? between space and gi\»und concepts 
concerning equivalency and viability. The results and implications of 
those comparisons are discussea in Section 4.4. figuie 4-1 displays the 
iiiethodology discussed above. 
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CANDIDATE OPPORTUNITIES 
FOR SPACE INDUSTRIALISATION 
SCREENED CONSIDERING- 



Figure 4-1. Methodology for Terrestrial Alternative Assessment 
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4.2 V RESULTS AND GENERIC GROUPINGS 

Comparative a/guments for terrestrial alternatives are presented 
below. The comparisons are drawn from Part 1 study of specific candidates, 
but organized by the Fart 2 groupings. Table 4-1 presents the results 
for specific candidate opportunities. 

4.2.1 Energy 

Nuclear Fission - Although light water fission reactors utilize 
demonstrated technology and have a known cost (37 MILS/KWH, $1000-1700/KW) , 
environmental controversy rages over the expanded use of this technology. 

Well publicized incidents at Browns Ferry, AL. and the Russian satellite 
reentry have increased public awareness. Waste disposal and security present 
problems for future large scale reliance on nuclear fission. Supply of 
uranium is an issue as well. TheKational Uranium Resource Evaluation 
(NURE) begun in 1973 is scheduled for completion in early 1980. Pending 
that report DOE estimates indicate uranium shortfalls by tiie end of the 
century. Other estimates (Lieberman, Science , April 1976) predict supply 
difficulties by the late 1980s. The potential of this power source for long 
term use is thus intimately tied to breeder reactor progress. 

Breeder Reactor - This newer nuclear technology is now entering 
a phase of development that will demonstrate its commercial potential. 

Was,te, security, and environmental concerns identifical to those of light 
water reactors are amplified oy characteristically mgher plutonium levels 
in breeder reactor fuels. Even though breeder efficiency is potentially 
high, the economics are still under question. Additionally, recent 
administrative decisions, fears of proliferation, and delight over 
fusion progress have begun dialogues entertaining concepts of !'skipping"'thr 
breeder. 

Nuclear Fusion - Fusion research has received increased attentior 
(n recent years, with several techniques at the forefront of current 
research. While convergence on the Lawson Criteria (a measurement of 
nearness to possible energy production) is displayed, the progress is a 
result, not of a single maturing technique, but rather several jumps to 
new concepts. Laser fusion particularly, and other inertial confinement 




117 



TAtlLE 4-1. 

PART 1 COMPARISON RESULTS preference 

?-No clear preference 


S-Space 

Information 

E-Earth 

Mobile Communications-. 


Portable Telephone 

? 

Police Wrist Radio 

E 

Disaster Communications 

S 

Global Search and Rescue 

S 

Nuclear Fuel Locators 

S 

Transportation Services (Equipment Sales) 
CoSstal Anti-Collision System (Eouipment 

« 

Sales) 

E 

Rail Anti-collision System 
Personnel Navigation Sets (Equipment 

* 

- . Sales) 

S 

Vehicle/Package Locator 

S 

Voting/Polling Wrist Set 

7 

Fixed Point Communications 

3-D Holographic Teleconferencing 

7 

National Information Services 

o 

Electronic Mail 

7. 

Advanced TV Broadcast 

7 

Vehicle Inspection 

* 

Observations 

Earth Resources 

s 

Energy Monitor 
Energy 

E 

Solar Power Satellite (Operation 1996) 

49(3 5GW ea - 27 MILS/ KWH 

? 

600 lOGW ea - 11.5 to 7.1 MILS/KWH 


600 lOGW ea - 27 MILS/KWH 

7 

Night Illumination 

Urban lighting 

7 

Disaster lighting 

S 

Nuclear Waste Disposal 

* 

* Data not readily available on alternatives 






TABLE 4-1 (Continued) 
PART 1 COMPARISON RESULTS 


Materials 


Preference 

?-No Clear Preference 

S-Space 

E-Earth 


Drugs and Pharmaceuticals ? 

Electronics 

Semiconductors ? 

Electrical 

Magnets ? 

Superconductor (Generating Only) ? 

Electron Tubes E 

Optical 

Fiber Optics ? 

Special Metals 

Perishable Cutting Tools ? 

Bearings and Bushings ? 

Jewelry S 


Wire (High Strervgth; Low Resistance; etc.) E 



methods are producir.g much optimism, with overall energy break-even 
predicted the late 1980^ (Farley, Research/Oevel opment . Jan 1978). 

On the down side it should be also pointed out that: 

a) Initialofuel cycles will oe '“dirty fusion" using 
deuterium and radioactive tritium. 

b) Tritium is produced from lithium, the abundancy 
of which is comparable to that of 238u. 

c) Regardless of the fuel cycle, a waste problem will 
exist 'n that the neutron flux will make the structure 
containing the reaction extremely radioactwe and 
short lived. Some estimates place wall life at less 
than 10 years and waste volumes at 250 tons per reactor 
per year. 

Sea ■''hermal - This option apparently features a true long term 
opoorturity. Estimates place total possible production at 200 times world 
demand by the year 2000. Environmental concerns include: 1) 'ong term 
temperature modification of the ocean and 2) effects caused by a working 
fluid spill. Produced from su-‘. a plant could be several iter's: 

a) Ammonia 

b) Methanol 

c) Fresh water 

d) Oxygen 

e) Nitroger 

f) Carbon dioxide 

g) Hyorogen 

The latter product could enhance interface with incremental power proouction 
schemes (geothermal, ground solar, wind) in a so called hydrogen economy. 
Power transmission by conventional means would be complicated by the 
location of ocean thermal plants. 

Magnetohydrodynannes - Under development, MHD power generation 
would afford a relatively clean (1/9 and 1/6 EPA emission and particulate 
standards) and efficient (40 - 60’“') technology to utilize U.S. coal supplies. 
Unanswered are concerns about carbon dioxide pollution and the impact of 
strip mining operations from the large scale use of coal. Recent reporting 
on coal conversion efforts (J.P. Smith, Washington Post, Jan 1973) underscore 
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the fact that coal will be in demand for markets other than power generation ' 
(such as gasoline). Supply Is also in question, GAO studies halving previous 
estimates of recoverable coal (H.J.„ERB, AP, Jan 1978). 


4.2.2 Mobile Coirmuni cations 

Truly mobile coninuni cations based on RF techniques have been 
conmercial ly available for-a"number of years. Creation of the CB frequency 
allocations has dramatically illustrated the demand for this type of service. 
Mobile telephone operations provide a direct link to the basic telephone 
system. These and other Rf systems however suffer coirmon problems in terms 
of range, frequency crowding, and regulai’ory constraints. Many similar 
functions are served over wide frequency ranges. Substantial restructuring 
of the existing services on a nationwide basis could give genesis to more 
universal systems, but would involve complex issues concerning vested user, 
manufacture, and commum cat ions interests. 

4.2.3 Fixed Point Communications 

Current point to point cormiunicwtions are well established but 
rising iti cost. The potential for increased demand in terms of data 
transmissions, TV conferences, and interactive cable TV is substantial. 
Increased use of microwave transmissions could provide vhe needed capacities 
but at a high cost. There are environmental questions surrounding this 
option also. Fiber optics and RF wave guides are receiving much attention 
and offer significant advantages. 

High density data transmission is also possible using holographic 
disks, but requires special equipment and cannot support real time or 
interactive transactions. 

4.2.4 Observations 

Fundamental alternatives for terrestrial earth resources- capa- 
bilities lie primarily with aircraft. Despite ♦he maturity of s^ace 
technology, specialized aerial- applications persist. Improved electronic 
equipment has permitted smaller and cheaper aircraft. Adjunct advances 
in computer technology have lessened the burden of data reduction from 
distributed sources and sensors. 



4.2.5 Representative Candidates 


The representative candidate opportunities selected from the 
generic groups of Part 1 are the following: 

Representative Candidate 

Space born reflectors providing 
urban or disaster lighting 

Portable Telephone 
Wioe Band Point to Point 

. i| 

High Resolution Earth Resources 

4.3 TERRESTRIAL ALTERNATIVE CONCEPTS 

4.3.1 Night Illuminatio n 

Terrestrial alternatives to the L 
functional areas, urban illumination and disaster lighting. 

The following characteristics were considered essential to a 
[disaster system: 

a) Extreme mobility or low cost multiple systems for 
rapid deployment. 

! b) Terrain independent application. 

c) Deployment and operation not affected by the disaster. 

Limited t. 'supply is clearly a desirable feature to avoid adding to supply 
burdens and .manpower requirements. The operation of such a disaster 
system should cither be easy for the untrained, or have alternate "nominal" 
uses so that trained crew are available. Low storage cost is also an 
enhancing feature. There are a wide range of potential disasters against 
which to size such systems (Table 4-2). The systems considered were the 
following: 


Generic Group 
Energy 

Mobile Communications 
Fixed Point Communication^ 
Observations 


unetta are conside*-ed in two 


AIR 


GROUND 


HYBRID 


Fixed and Rotary 
Wing Aircraft 
Blimps 


*^ree Standing Light 

' Generator 

Large Tower/Generators 


Tethered Balloons/ 
Generators 
Stand-off Laser 

with Aerial Re flee- 
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TAfiLE 4-2. niSASTER TYPES 


o 

DISASTER 

Hurricane 

Earthquake 

Flood 

Tornado 

Sncw 

Volcano 

Nuclear or Chemical 

Blackout 

Aircraft 


COMMENTS 

Wide spread destruction possible envolvinq 
many people. Operatioe-; durinn and after 
are difficult. Loqistics is a central 
pri.bloni. 

riiviind nobility easily disrupted. Limited 
wainiiui at piosent otten lesults in an 
iimiediate need (o aid larcje nui.ibiM s of 
people. 

Operations in ana are difficult. 

Multiple siimil taneou., occuranccs possible. 
Short warouui time. 

Can rover exticmely wide areas. 

Iviuiation often required 

Could involve evacuation, with nc'Ssible 
panie and a variety of population dtuisities. 

Urban environment; disoide** possible. 

Seanb and Rescue requMvs lame aiea and 
lime, tollision. rapid response. 



AIR 


GROUND 


HYBRID 


Nuclear Dirigible 


Starlight Glasses 


Flares and Parachutes 


The nuclear dirigible could have alternate uses that would make 
adoption for disaster lighting relatively low cost. Conventional air- 
carft, generators, poles and balloons represent established technologies. 
Devices to aid individuals with poor night vision are in production, giving 

rise to a concept of mass produced "starlight" glasses.' Consideration 

-> 

of requirements and disaster characteristics led to rejection of many of 
the concepts.' 


RCJECTED SYSTEMS 
Fixed and rotary wing aircraft 

Blimps 

Nuclear dirigible 

Free standing light poles 
Starlight glasses 

Flares and parachutes 


REASON 

0 Loiter time 
e Hay be critical resource 
for other operations 

0 Small payload 
0 Slow response 
0 Alternate use questionable 

0 Slow response 
9 Major technology issue 

0 Set up time/manpovjer 

0 Technolbgy/cost 
e Adds to distributiion problems 

e Resupply 
0 Fire hazard 
0 Moving multiple shadows 


Two remaining concepts for disaster lighting are shown in 
Figure 4 - 2 . Both systems are air dropped and resupplied. 
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BALLOON 


Air Dropped Aenal 
Light 


0 Low Technology 
e Distributed Capacity 
d Transported Rapidlv 
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BEAM MACHINE 


h(gh i>o«r(n I Astmsi 


Stand-Off High Power 
Laser and Reflectors 

e Operation/Siipply 
Renoved from 
Disaste*" Theater 
9 Central Power Source 





OltAJTtR / 

periphery — t — yy 


! 'O'" 


pr Au r 

I" MACHINE /' 


Figure 4-2. Disaster Lighting Concepts 


The space option for disaster lighting remans unique in terms 
of pi^oviding an extreme wide area ’ighting. It clearly would not 
require short term resupply. No terrestrial system for wide use has been 
implemented to provide a similar bcope of lighting. 

Urban illumination alternatives invariably tie to centralized 
sources because of the total power requirement. The cost and utility of 
such lighting is clearly dependent on future ground cost per KWH^ and the 
roilversion efficiency of lighting devices. It should bo noted that during 
periods of oneTny limitations this form of lighting ras proved "discretion- 
ary." During future periods of resource scarcity (dollars 0 / KWH) perceived 






value added could legislate reduced demand for such services. 

V- 

The Lunetta costs as developed by Ehricke ( Space and Energy Sources 

May 1977) provide the following estimate. 

o 

0 Assumptions 

a. Lighting efficiency 50 lumens/watt 
■’ ' b. Terrestrial cost (energy and maintenance) 70 MILS/KWH^ 

0 Equivalent Lunetta cost (best sky - worst overcast) 

a. 1 city serviced 32-61 MILS/kWM^ 

b. 2 cities serviced 16-30 MILS/KWH^ 

Basing these estimates on sodium vapor lighting (100 lumen/watt) alters 
the equivalent Lunetta costs. 

a. 1 city serviced ‘60-117 MIL£/KUH^ 

b. 2 citie-- serviced 30-58 /MILS/KWH^ 

For a clear space based winner, mult.iple cities iprobably greater than tv/o) 
must be served by reflector sets and/or terrestrial power price increases be 
sufficiently provocative. 

Possible social -eccnomic issues may also be part of Lunetta ccat. 
Consider, as an admittedly simple example, the impact of all night light on 
on ve-in theaters. 

a. Assume $1 penalty to use a sit down theater 

b. Assume per .capita attendance of .2/yr, all diverted to 
sit down theaters. 

c. If per capita usr of outdoor lighting is 10 w-yr with 
terrestrial lighting at 70 MILS/KWri , then the impact of 
undesired lighting would be 4% of the best Lunetta savings. 

Other more complex mechanisms may exist, suggesting the cost significance 
of these issues. Additionally, traditional systems can be conventionally 
defended. 
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4.3.2 Mobile Coirmunications 

As mentioned, various systems are currently used for mobile 
applications. Several of t>*ese systems and their limiting features are 
shown in Figure 4-3. 

LlfMiTING FACTORS FOR UNIVERSAL APPLICATION 


EXISTING SYSTEM TYPES 


?// 


PAQINGSySTEMS 


SWISS CAR CALL 


MOBILE WITH 
REPEATERS 


CITIZENS BAND 


.%BAQJO TELEPHONE ^ 


/P.f/ ^ 

P / . 9 . / ^ ^ / .Q: ^ / 


fVMf/im/ 



\/ 

LtCENS 
REQ O 


v/ 

AUTO. 

SOON 


Figure 4-3. Existing Mobile Comniupi rations 


The Swiss Car Call system is a vehicular paging system imple- 
mented throughout the Swiss highway system. It uses a single frequency 
and a coded conmand to page drivers. 

Radio telephone systems in the U.S. are currently being converted 
to computer switching. In reality all manual’ systems could easily be so 
operated. ' Except for remote "bachyoods" operation, the typital user 
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environment is often in sight of the existing phone system, ties to which 
ere use(f'in radio telephone systems. A concept for an advanced radio 
telephone is displayed in Figure 4-4. 

e (^INATURIZED 

0 AUfOMATED ACCESS/SHITCRING TO FIXED NETWORK 
G DISTRIBUTED 

1) Increased Coverage 

2) Reduced Bandwth for RF Link 

3) Lower Rower User Sets 



Figure 4-4 Ad'-anced Radio Telephone 


Several other concepts such as Spread Spectrum Communications and Packet 
Switching offer near term functional equivalence, but employ high power 
central antennas. 

What can be described as ^irst generation implenH’iitations of 
the distributed system of Figure 4-4 are already undenyay in the Waslnnqton- 
flaltimore and Chicago (2100 sq. miles) areas. The centralization that 
results from these concepts encourages monopolization of the communications 
p'arkct. Radio Common Carriers that operate existing radio telephone seryice 
are ill-equipped to fund rcimputerized switching and transmitter networks 
and are attempting to block development of advanced systems (J. Mason, 
Pop ular Scie nce. Jan. 1978), 



4 . 3.3 


Fixed Point Communications 


Optical Fiber techniques are receiving much attention as possible 
wide-band, low-cost transmission methods. They offer many advantages, 
such as: o 

a. Significantly increaseu information transmission rates 
(half billion bits per second - laser FED) 

b. Immune to EMI/no cross talk 

c. Low power requirements 

d. ’Light cable weight (1 wt of copper, V' fiber 

cable = 4" copper) 

e. Quantity use could drop current price by SO'i 

Other concepts such as millimeter wave gu>ies are also under development. 
Should cost reductions piove out, rep'acement of current microviave links 
could occur. This would ease both environmental and security concerns 
incurred in using RF transmi'sir s. 

Use of fiber optics is foreseen in three stages first, inter- 
coinponent computer communications, then cable TV. and finally, general 
teleohone use. However, success with advanced radio telephone service and 
current experiments in interactive TV could easily bring about earlier 
opportunities. 

4.3.4 Observa tions 

Aircraft continue to he useful for certain types of resource 
data collpctidn. rvea at a limited 800 miles a day, current operation of 
low level aircraft for pinpoint location of mineral deposits is expanding 
(B. kjcivar. Po pular Scienc e, Jan 1978). For a perspective on aircraft use, 
consioer that whole earth coverage in 20 mile bands (60° field of view from 
92, cor* ft) can be achieved with 9.852 million air miles. This rcpresenis 
.4" of the U.S. conmercial air traffic for 1076 and perhaps an upper cost 
bound of $67.1 million. A mixed fleet of sub/supersomc aircraft (V^^, = 

1200 MPH) hj(pothetical ly provide this coverage every 30 days (utilization = 
14.1 hr/day, 20 aircraft). 





A nix of advanced electronics and RPV technology couH ^.Gi.ceiv- 
ably provide automated high altitude platfoms for remote sensing. ,Icii- 
sider the Boeing Compass Cope System: 

a. 24 hr duration witn 1200 lb payloeo 

b. 60,000 FT altitude 

c Radar capable of detection/tracking of tanks 
at 100 n. miles 

Operating cost of an auto-F.PV system would be well below airline costs. 

Such RPV r>''atf6rms would allow schedule, pavload, and mission flexibility. 
On the downside, upper atmosphere pollution might require advanced fuels 
and overflight of some countries is cleariy doubtful. 

4.5 RESULTS AND IMPLICATIONS 

The comparison of terrestrial alternatives and -generic candidates 
suggest the following rankinqs/rationales for Space iodustri^al ization. 


11 High Resolution Earth Resources. 

Satellite technologies have a firm base for remote sensing 
work. Upset of space access /economics could provide 
sufficient encouragement to terrestrial systems such as 
an advanced auto-RPV. Inueed, military efforts on-going 
in conmana, control, and coninunications may do this 
regardless. However, without major perturbations, sensor 
development for satellite use represents less risk than 
developing a complete new sj'stem for terrestrial use. 

2) Point-to-Point Communications 

I 

Fiber optic techniqt'es have become a strong near term 
candidate. Several demonstration projects are currently 
operational. Space options, however, would support more 
rapid deployment of wide band point-to-point ccmmumcations 
should the necessary space systems become available. 

3) Disaster Lighting 

The overall utility of any di«^aster related system may 
hinge on rapid deployment. Few disasters give long lead 
time warninos. Flexibility and rapid response would be 
a prime requirement of a space system as well as ground, 
systems, probably best met as a divortable resource of another 
system. Undertaken as a national project, ROI wou’d not be an 
inhibiting issue. An experiment^ in space reflectors might 
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attractively be configured as part of a large structures 
program, with disaster use as a "spin-off" proposition. 

V 4) Urban Lighting 

Without resolution of complex social and energy issues 
urban lighting is a doubtful candidate. The relative 
cf'st of other energy needs overshadows potcnt'al space 
light savings, at least for the near term. Should de- 
centralized concepts for energy jiroduction achieve 
prominciii.e, space lighting could hoconic more attractive. 

5) Mobile Conmuini cat ions 

Because of the potential of this market, commercial 
terrestrial i ■•eabi 1 ' ties are being developed currentl/. 

Advanced electron cs .and computer ti'chnol''.,' ni likely 
meet demjn.l in the- nea“ tonn .md su| i n -t Al- 

though developing ground systems will n't ;nr n -(uyide 
the universal goog'Mpfiic coverage rcguiicu toi 'v.ic..r, 
buch as a search aiul rescue system (a viabl-. '-e 
eptioii), they will [••revide coverage to a large majority 
of potential users.' Spate applications, by the time 
they might he ready, "‘'v be placed in the position 
of having te cost justify only i.icremcnts of then exist- 
ing pcrfoniMiiec. 

The generic lessons culnnnale with the conclusion that alter- 
natives do exist, or can ho visual i.'ed for most space initiatives. 
"Uniqueness" of the space candid.ites detai’od was i>nt deemed strong enough 
to warrant special cons idorat'oii m a competitive environment. Significant 
technological "lead" for space options was found only in the area of farth 
resources. And, in the case of communications, implementation may be 
tipped already toward terrestrial options. In concert with these arguments 
it is concluded that market softness, in terms of systems requirements, 
remove the constraint that terrestrial alternative systems must duplicate 
exactly space products and services. 

The relative viability lvt*veen specific soace and terrestrial 
competitors is often influenced hv more complex factors than cost per- 
formance. The predoinnato of these factors beiiiq: 1) llncer'^aiiity in 

space and other technoloqies, 2) environmental concerns, 3) ve-.ted interests, 
and 4) requlator/mteniational constraints. The imoact of the above 
exemplified by guestinns such as. 1) Will international policies limit 
the availability of gonsynchronous positions hefore demand’ 



2} What are the long term subphotoperiodic effects on plants and animals 

of wide area (Lunetta) lighting? 

3) Would an orbiting space light be perceived as a military resource? 

4) How would new large volume corrmuni cations be interfaced with existing 
regulations and facilities? 

5) What are the privacy/security problems associated with wide ground 
access to communications beams? 

The implications of the above statements gives rise to the 

following observations on the viability of terrestrial alternatives. 

1) Complexity from detailed assessment of non-cost issues substantially 
reduces the opportunity to develop a "winning" mix of space efforts 
based on generalized benefits. 

2) In lieu of a mandate, space viability must be aggressively advocated/ 
stuoied against competitors in the mid 1980' s. 

3) The current involvement of an existing industry will typically in- 
dicate which alternative would be favored by it unless forced oy 
competition to change directions. New entries in an industry will 
select a path based on investment and risk considerations Most 
space initiatives considered in this study will appear highly favorable 
over terrestrial alternatives only after steps toward risk reduction 

. are in-;, lemented. 
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5. POTENTIAL MARKETS AND REVENUES 


5.1 APPROACH 

After compilation of the list of Industrial Opportunities was" 
complete, a re/iew process was undertaken to select initiatives for pre- 
liminary market analysis. The primary cnte-ia applied in the screening 
process were availability of data and probable advantage over terrestrial 
competitors. Assu'.'ptions were made based on the data available after the 
analysis was underway. 

Different specific niethodoloqies were applied according to which 
industry was being examined. For examnle, market analyses for Products 
were much more speculative than those for Information Services since much 
less IS known about the specific use and probable cost a prospective 
product. A cotiinon sot uf general methodology guidelines were used wherever 
appropriate and provide the foundation for understanding the philosophy 
and assumptions which guided these market surveys. 

5.2 METHODOLOGY FOR DETERMINING THE MARKET POTENTIAL FOR GOODS 

AND SERVICES FROM SPACE 

1. Identify product and anticipated year of technological 
availability. Define advantages of product or service over competition. 

2. Assess any entiy delay barriers. . .Low (0 delay); Medium 
(5 year delay). High (10 year delay). Barriers can be legal, political, 
financial, or economic. 

3. Detemiine/assess approximate end user cost of oroduct and/or 

' I 

service - at entry and at saturation. Graph as a learning curve on log 
paper to detemnne price at a given year. 

4. Identify societal characteristics (advanced, developing, 
subsisting). 

Define attributes of product (satisfies fundanental need, 

more sophisticated need ). Match product attributes witii societ.al 

needs. 

6. Define the universe of buyers (e.g., everyone,' businesses, 
steel companies,. . .). 


7. Assess the level of saturation within the universe of buyers... 
Low (25%) Medium (50%); High (75%). This saturation level can be assessed 
by prior determination of level of completition, whether the product is 
incremental or innovative, and by the fit of the product/service with 
society's needs. 

8. Define the percent value of the space input to the end product 
or I'se. In all cases, assume the cost to produce a product is 50% of the 
price to the end user (rule of thumb). 

9. Assess any resistance to change factors after entry. . . Low 
(0 stretchout); Medium (5 year stretchout); High(l0 year stretchout). This 
will affect the time until the p>"oduct sales elbow up into the growth phase. 
Resistance to change can be assessed from sucn factors as - How much better 
is this product than conpetition it's replacing; and How much change is 
required of the end user? 

10. Assess a period of ideal saturation. . . at which time the 
product/service will have achieved 99.9% of ultimate saturation level. 

Slow (lu years); Moderate (20 years); Fast (10 years). Use present day 
analogies. 

/ 

11. As*iume the first 10% of saturation level will occur within 
(30% + resistance to cnange factor) of period of ideal saturation. Assume 
the last 10% of saturation level vnll be penetrated within 30% of period 
of ideal saturation. 

12. For period of anticipated sales, define a band of anticipated 
population levels within the universe of buyers. 


13. Assess a replacement level. . .Low (5%); High (10%). Replace- 
ment sales will come from lifetime of product factors and from expected pro- 
duct improvements. 

14. Over the anticipated years of sales, multiply population 
and ultimate saturation level by level of saturation in gi>'en year (as 
defined by product life cycle S-curve assessed earlier), to decermine unit 
sales. 
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15. In year of elbow up into growth phase, begin to enter 
replacement volume into total volume. This will come from replacement 
level multiplied by cumulative number of units in the market. 

16. Over anticipated' years of sales, define cost by year from 
learning curve chart assessed earlier. Multiply units sold by cost/unit 
to get sales volume. 

17. Once dollar volumes are calculated, test numbers for reason- 
ableness against common sense and prerent day analogies. 

18. Sand'the total basic projection by a lew end/worst case 
curve (least opti'instic scenario, risks, disadvantages, barriers, etc.); 
and a high end/best case curve (most optimistic scenario, benefits, 
advantages, impellers, etc.). 


19. If some numbers are highly uncertain, perform a sensitivity 
analysis on the relevent parameters to show effect on ultimate volume. 


20. Graph or chart anticipated market volumes (low, probable, 
high) by society type,, over anticipated years of market penetration. 


5.3 


RESULTS CF MARKET/REVENUE ANALYSES IN INFORMATION SERVICES 
FOR JNITEO STATES ONLY 


5.3.1 Portable Telephone 

This communication device would allow citizens to ccrranunicate 
through exchanges by voire, from anywhere. Through a multichannel switching 
satellite and transmitter-receivers, people could be connected directly 
or by telephone networks. The exceptional mobility of the unit makes it 
loeal not only for business and recreational use, but also for use in emer- 
gencies (rescue missions, etc.). 

Portable telephone could satisfy needs ranging from fundamental 
to peripheral. The need for on-the-spot communications in business and 
professional activities is evidenced by the rapid growth. in use of pocket . 
pagers. Satisfaction of more peripheral needs is evidenced by the rapid 
growth of CB radios (and a concomitant increase in allocated channel'') in 
the U.S. This implies a wide spread of potential users of portable tele- 
phones, '.yith a wide spread of needs being met by the radio. 
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To determine how many of these potential users would be actual 
users, what revenues they would generate througl- unit sales and call tolls, 
and the time phasing of the revenues, several assumptions have been made. 

It is assumed that the primary market is the United States - employing U.S^. 
population projections to the year 2025. Combined with these population 
figures are assumptions concerning the user unive**se (calculators as an 
example) and market saturation (telephones as an example). 

The universe of users/buyers would likely be limited to profes- 
sionals and businesses at the high price levels. This is precisely what 
happened with calculators and pagers: for two to five years, the marketing 

approach was toward the professional and businessman. As costs declined 
and these markets became saturated, the overall marJet was expanded to the 
entire population - resulting in the present situation of sophisticated 
electronic devices being purchased by school children. Thus the potential 
universe of buyers will be assumed vo include the entire population age 16 
and over, over the course of the product's life. 

The incidence of telephone use provides a sound basis for assump- 
tions about portable telephone saturation. In 1973, there v/ere 121 million 
phones in the U.S., serving a population of roughly 210 million. This 
implies, in a rough way, that a 50% saturation of market of communications 
instruments can be attained. Further, during a peak period of sales (1970- 
1973), six million new phones were added each year. From this we get a 
reasonable estimate of the upper limit on annual sales volume for portable 
telephones. However, since there are many competing forms of fine coimiuni- • 
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cations techniques in place (phones - stationary and mobile; CB radios; 
television; etc.) since other forms of communication will be needed to 
carry transmissions other than voice; and since improved techniques such 
as optical fibers may vastly improve reception quality of in-place units 
(which themselves may be made mobile once broad-band transmission is avail- 
aole) - then the ultimate saturation of pro.table telephones may ultimately 
and ideally reach 25% (best case) or 10% (worst case) of the potential 
universe of buyers in the anticipated period. 

The product appears to be analogous to^calculators , digital watches 
and color television in favorable reception by the end user, illjile the 
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number of people ultimately desiring the nroduct may he high, the complexity 
of producing such a large volume and then making such a complex system oper- 
ational may imply a Moderate track (20 years) to ultimate saturation. This 
is in line with^the saturation rate of color televisions. With Ideal 
satu'ation coming in 20 years, and a Medium stretchout from resistance to 
change factors, 10% of the saturation level will come in 11 years after 
entry (30%(20 years) + 5 years). The final 10' will take six years. The 
calculations to this point are given in Table 5-1. Table 5-2 indicates 
the rates due to replacement. The product appears to have high potential 
for incremental marketing improvements (as with calculators and CB radios), 
implying a high replacement level Replacement level during rapid satur- 
ation IS 10% of cumulative volume (best case) and 5' of cumulative volume 
(worst case). 

Pricing assumptions were derived from data on related products. 
Analogous products would be hand calculators, digital watches (battery 
operated) and CB radios. Calculators, when first int*‘oduced. were priced 
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ill the neighborhood of $350 (to the end user). Similar calculators can now 
be purchased for $10 to $30 - although addition of features has kept the 
price spread between $10 and $300. Average low selling price may be as- 
sumed to be around $50. Digital watches originally sold for Slop to $300, 
but are now selling in the neiyliboi hood of $50 to $100, with higher watches 
remaining in the higher price brackets. CB radios are following a similar 
pricing trend. We may therefore assume an average price spread of $300 
down to $30, from first sale to the ave"agc price near market saturation. 
These assumptions and related figures are given in Table 5-3. Further 
projections can be found in Table 5-4. 


There will most likely be dolavs in the implementation of the 
portable telephone. Political and legal entanglements may result in a 
delay of 5. to B years. As a precedent, the FCC delayed the launch of 
America's first domestic conjiiuni rat ions satellite for 8 years (1965-1973). 

'I 

As there was controversy tnen, so there will be cons-dtrable controversy 
with o portable telephone system - a system which would thieriten to radically| 
charge the existing structure of commiim cat ions. ATJIT would have a prime 
interest (even if it were one of the major proponents of portable telephones) 



TABLE 5-1 


14. 

Population 

Level/Ultimate Satiuatlon 

UNIT SALES/CUMULATIVE SALES 

1995 

19SM 

(0.91%) (25%) = 0.2% 

.44M 

-44M 

1996 

196M 

(1.80%) (25%) = 0-4% 

-44M 

.88M 

1997 

197M 

(2. 70%) (25%) = 0.7% 

-45M 

1.33M 

1998 

198M 

(3 -60%) (25%) = 0.9% 

-4SM 

1.78M 

1999 

199M 

(4. 50%) (25%) = 1.1% 

:46M 

2.24M 

2000 

200M 

(5. 50%) (25%) = 1.4% 

-SIM 

2-75M 

2001 

201M 

(6. 40%) (25%) = 1.6% 

• 4i7M 

3.22M 

2002 

207M 

(7. 30%) (25%) = 1.8% 

.47M 

3.69M 

2003 

203M 

(8. 20%) (25%) = 2.0% 

.47M 

4.16M 

2004 

'204M 

1 

(9. 10%) (25%) = 2.3% 

.48M 

4.64M 

2005 

205M 

1 

(10-0%)(25%) = 2.5% 

.48M 

5.12M 

2006 

205M 

(20.0%)(25%) = 5.0% 

5.1M 

10. 2M 

2007 

1 

206M 

(30.0%) (25%) = 7.5% 

5.2M 

1S.4M 

2008 

207M 

(40.0%) (25%) = 10.0% 

5.3M 

20. 7M 

1 

2009 

208M 

(50.0%)(25%) = 12.5% 

5.3M 

26. OM 

2010 

209M 

(60.0%) (25%) = IS.0% 

S.3M 

31. 3M 

2011 

210M 

(70.0%) (25%) = 17.5% 

5.4M 

36. 7M 

2012 

21CM 

(80.0%) (25%) = 20.0% 

5.3M 

42. OM 

2013 

211M 

(90.0%)(25%) = 22-5% 

5.5M 

47-5M 

2014 

212M 

(91.7%)(25%) = 22.9% 

I.IM 

48. 6M 



/ 
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table 5-2. 


IS. 

New Purchases 

Replacement Piirchases 

Total Sales 

V 

1995 

.44M 

— 

.44M 

1996 

.44M 

— 

.44M 

1997 

.45M 

— 

.45M 

1998 

-45M 

— 

' .4SM 

1999 

II 

.46M 



.46M 

2000 

.SIM 

— 

.SIM 

2001 

.47M 

— 

.47M 

2002 

.47M 

— 

.47M 

2003 

.48M 

— 

.48M 

2004 

.48M 

— 

.48M 

2005 

.48M 

— 

.48M 

2006 

5.1M 

l.UM 

6.1M 

2007 

5-2M 

1 

1.5M 

6.7M 

2008 

5.3M 

2.1M 

7.4M 

2009 

5.'3M 

2.6M 

7.9M 

2010 

5.3M 

3.1M 

8.4M 

2011 

5.4M 

3.7M 

9.1M 

2012 

5.3M 

4.2M 

9.5M 

2013 

5.5M 

4.7M 

10. 2M 

2014 

I.IM 

4.9M 

6.0M 
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TABLE 5-3. 


16. 

Unit Sates 

Cost/Unit 

$ Sales 

CaltsAear 

Cost/Call 

Call Sal« 

1995 

.44M 

$300 

$132M 

40.15M 

$3.00 

$120. 4M 

1996 

.44M 

$220 

937M 

128. SM 

s:.’o 

1 

$282. 7M 

1997 

.4SM 

$160 

$81M 

242. "M 

$1.80 

5436. 9M 

1993 

.45M 

$160 

S72M 

389. 8M 

$1.60 

$623. 7M 

1939 

.46K1 

$143 

$66M 

572. 3M 

$1 43 

$818. 4M 

2000 

.51M 

$131 

$67M 

803. OM 

$1.31 ’ 

$$1052M 

2001 

.47M 

$122 

$S7M 

1058M 

$1.22 

$1290M 

2002 

.47M 

$116 

$54M 

1481M 

$1.16 

$1718M 

2003 

.48M 

$109 

$S2M 

i826M 

$1.09 

S1991M 

7004 

.48M 

$103 

549M 

2206M 

$1.03 

$2272M 

2005 

.4SM 

$ 98 

$47M 

2621M 

$ .93 

S2S69M 

2006 

S.IM 

S 70 

^427M 

6148M 

$ ,70 

/ 

S4304M 

2007 

6.7M 

$ 56 

$375M 

10471M 

S .56 

$523SM 

2008 

7.4M 

$ 48 

$35$M 

1S717M 

$ .48 

$7544M 

2009 

7 ,'9M 

; 

$ 43 

$340M 

21832M 

$ .43 

S9398M 

2010 

8.4M 

$ 39 

$328M 

2S870M 

$ .39 

$112S9MJ 

2011 

9.1M 

$ 35 

$3 IBM 

38884M 

$ .35 

S13609mI 

2012 

9.SM 

f 33 

$313M 

4836SM 

$ .33 

\ 

$lS9bOM! 

( 

2013 

10. 2M 

$ 31 

$316M 

S9126M 

$ .31 

1 

$13329M i 
1 

2014 

6.0M 

$ 30 

$180M 

69742M 

$ .30 

$20923M 1 






TABLE 5-4. • 



Ca 1 1 s/p e r s on/Da V 

Average Monthly Bill 

1995 

.25 

$22.50 

1996 

.40 

$26.40 

1997 

.5 

$27.00 

1998 

.6 

$28.80 

1999 

i 

.7 

$30.03 

2000 

.8 

$31.44 

2001 

.9 

$32.94 

2002 

1.1 

5.38.28 

2003 

1.2 

$39.24 

2004 

1.3 

1 

$40.17 

2005 

i .4 

$41. 16 

2006 

1 .5 

$31-50 

2007 

1.6 

$26.88 

2008 

1.7 

$24-48 

2009 

1.8 

$23.22 

2010 

1.9 

$22.23 

2011 

2.1 

$22.05 

2012 

2.2 

$21.78 

2013 

2.3 

$21.39 

2014 

2.5 

$22.50 





of seeing a long transition time from standard phone service to portable 

telephone. Further, many new frequency bands would have to be allocated. 

1 . 

This would require either extensive restructuring of the existing frequency 
allocation system, or the opening of new frequencies with their attendant 
uncertainties. Rinally, a project of major import such as this would likely 
necessitate financing on the order of $1 billion. This in itself wou’d 
generate a delay in startup of at least 1 to 3 years. Therefore, assume 
a high (10 year) delay barrier to entry. 

Even after political and legal barriers are surmounted, market 
conditions and consumer conservatism will have an impact on the product's 
sales. Resistance to change by competing products implies some stretchout. 
It shoula be noted that the portable telephone will likely be a supplemental 
device, rather than a replacement device. Assume a Medium stretchout (5 
years) before gr'^wth phase. 

Finally, it should be noted that we have assumed tnat portable 
telephones cannot come to be without the benefit of space comnuin cat ions 
satellites (i.e., the value of space to the end product is iOO^if). The 

technology for this portable telephone project is available in 1985. 

» ’ 

For suirmary, the portable telephone allows direct person-to-person 

I 

communication without intervening stations, and the user can call and be 
called from any location. The product has a comparable to lower price than 
ex’sting person-to-person communications methods, is much more flexible in 
use, and requires little change of method of the end user. Summary revenue 
plots (best and worst case) of both unit sales and call sales are given in 
Figure 5-1 and Figure 5-2. 

5.3.2 3-D Holograp h ic Teleconferencin g 

Travel for the purpose of business conferences is costly, time 
consuming and inefficient. 3-D Holographic Teleconferencing greatly reduces 
the need to travel for most government or private industry business confer- 
ences without a significant loss in the ability to transact business. The 
concept can be described as follows: Identical conference rooms are fitted 

with a rv camera, TV projector, laser illuminator and stereo sound system. 
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Kesiilt\n9 holograms, produce throo-dimeusional \mages that can walk, talk 
and presen V ddta. 

Eve*'y trip saved by a teleconferencing net means not only saved 
piano fare, but als^ gives the high paid maiiugor more time at Ins home 
office. The number of executives and managers traveling from a company 
would likely be a function of the size of the company. That is. we could 
assume both an increasing number of divisions, and an increasing number 
of inter-nianagenal contacts needed as the size of a company increases. 

As an arbitrary motliod of dctoni'ining number of divisions (out- 
lying plants, etc.), winch thereby .leteninne Mimber of le1econfeivn(.iMg 
rocn-s needed, assume the foPowiiig t.reakdown by assets. Ituludid is a 
likely fregurncy of use per teleconferencing room. 


^seU 

D’visioiis 

Frequency of Use 

$' -'ON 

•s 

1 per 5 d.u'S 

S10-25M 

4 

I per 1 days 

$25-50H 

1) 

1 ”<:r .> d.ivs 

S50-100N 

S 

1 pel 2 days 

SI 00 IN 

10 

1 pei 1 day 


Price per use is based on the assumed costs o1 Lnc average air 
fare for two users, or $500 per use. Historical analeoies such as the 
telephone, iii-hPuso compuLois and air t i ansportat ion were emploveJ ui 
generating penetration assumptions. Ultimate ponotration is 10' (woist 
case) to 50“.. (best case), finally, the satuiation time is based on projected 
resistance to change - 20 years. 

Growth in the system apart from specifie penetration and saturation 
treads is derived from linear projections of the (opulation distribution 
of corporations (by assets). 



1970 

1_«73 

pcjj^ years 

Sl-ION 

U7K 

100k 

20k 

S10-25.M 

lOK 

12k 

2k 

$25-5C.’l 

'IK 

5k 

Ik 

$60-ia0M 

2k 

3k 

Ik 

$100)M 

3k 

4K 

Ik 



Extrapolations of average use per company according to assets category are 
combined v/ith the above table to give total use tables. Tables 5-5 and 5-6. 
All calculations and assumptions are combined to give total revenue in best 
and worst case. Table 5-7. These are plotted in corresponding Figure 5-3. 

It should be noted that results of the analysis for 3-D Holo- 
graphic Teleconferencing do not reflect any costs for equipment costs not 
yet estimated. 

5.3.3 National Information Services 

Libraries are the current source of informction for n^ost people. 
Typically, a library has a reference desk which can answer inquiries either 
in person or by phone. The larger the library, the more likely it can 
handle most inquiries. Smaller libraries are beginning to use computer 
terminals to connect into central libraries which have greater access to 
information. This may be the process with a National Information Service: 
the first step may be that libraries will tie in and be the local in- 
formation source for queries. However, as the system- become mote 
soohisticated, and as costs go down, individual users may well begin to 
enter the market - perhaps starting with businesses and going on subsequently 
to houseiiolds, 

I 

A national information satellite service would use large multi- 
beam antenna satellites to link facsimile, voice, data, and teletype 
terminals using only low power and small antennas. The satellites would 
be multi-channel processing repeaters. In performance, 400,000 channels 
of IMbit/sec or IMKz capability would be serviced in 4000 areas worldwide, 
with 0.05 W transmitters and 3 foot antennas at the user terminals. 

I 

Because libraries are a natural source for information, and 

* I 

because a tie-in networx has already begun to be established, assume the 
first decade of use sees the service being used by existing libraries. A 
survey of several libraries showed that there were 0.1 to 0.5 calls for 
reference per person oer year in a given district. Thus in a larger city 
of 1 million people, there could be up to 500,000 reference queries per year. 
Small libraries would have proportionately few calls. Thus wo can assume 
yearly user fees of SlOK for the larger central libraries, and $1K for 
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TABLE 5-5. 


($1- 

lOM) 

# 

1990 

167K 

1991 

171K 

1992 

175K 

1993 

179K 

1994 

183K 

1995 

187K 

1996 

19k 

1997 

196K 

1998 

19k 

1999 

203K 

2000 

207K 

2005 

227K 

2010 

247K 

l 

($10- 

25 M) 

1990 

18K 

1991 

18. 4K 

1992 

18. 8K 

1993 

19.2K 

1994 

19.6K 

1995 

20. OK 

1996 

20. 4K 

1997 

20. 8K 

1990 

21. 2K 

1999 

21.6K 

2000 

- 22. OK 

2005 

24. OK 

2010 

2G.0K 

($50- 

lOOM) 

1990 

6K 

1991 

6.2K 

1992 

6.4K 

1993 , 

6.6K 

1994 

6.8K 

1995 

7. OK 

1996 

7.2K 

1997 

7.4K 

1998 

7.6K 

1999 

7.8K 

2000 

8. OK 

2005 

9. OK 

2010 

10. OK 


Avq usQ/comonny 
50/yr 


125/yr 


SOO/yr 


Total 

8350K 

8550K 

8750K 

895 On 

9150K 

935CK 

9550K 

9750K 

99S0K 

lOlSOK. 

10350K 

11350K 

123bOK 


2 25 OK 

2 30 OK 
235 UK 
2'IOOK 
2450K 
2500K 
2550K 
2600K 
2G50K 
2700K 
27 5 OK 
'OOOK 

3 25 OK 


3 00 OK 
3100K 

3 200K 
3300K 
3-lOOK 
3.S00K 
3G00K 
3700K 
3800K 
3900K 

4 00 OK 
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TABLE 5-6. 


($25-5 

OW) ® 




# 

Avn iise/comoanv 

Total 

1990 

8K 

250/yr 

2000K 

1991 

8.2K 


2050K 

1992 

8.4K 


21Q0K 

1993 

8.6K 


2150K 

1994 

B.8K 


2200K 

1995 

9. ok 


2 25 OK 

1996 

9.2K 


2300K 

1997 

9.4K 


23 5 OK 

1998 

9.6K 


2400K 

1999 

9.8K 


2 45 OK 

2000 

10. OK 


2500K 

2005 

11. OK 


27 5 OK 

2010 

1 

12. OK 


3 00 OK 

($100+M) 



1990 

7K 

1 250/yr 

B750K 

1991 

7.2K 


9000K 

1992 

7.4K 


9 25 OK 

1993 

7.6K 


9500K 

1,994 

7.8K 


9 75 OK 

1995 

8. OK 


lOOOOK 

1996 

8.2K 


102 5 OK 

1997. 

8.4K 


10500K 

1990 

8.6K 


10750K 

1ST99 

8.8K 


llOOOK 

2000 

9. OK 


msoK 

2005 

10. OK 


1225CK 

2010 

11. OK 


13250K 
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all otJysr libraries. (Number of each type of library is derived from the 

1976 Statistical Abstract of the US.) Penetration would possibly ue 75% 

to 100% for the larger libraries because of their prime role as information 
o 

centers; and a lesser 50% to 90% for the smaller libraries (they need the 
service more because of limited resources, but may be less able or willing 
to pay the user fee.) Market saturation would be completed in 10 years. 

Around the year 2000, assume businesses enter the market for 
information via satellite. (Land line information systems such as Dow 
Jones are already in use, and are growing in popularity). As a rough 
estimator, assume the satellite service is more desirable because of lower 
cost and greater capacity. Let businesses with assets greater than $1 
million (as derived from the 1976 Statistical Abstracts of the US) be 
charged yearly user fees of SlOK, and all other businesses yearly fees of 
$1K (this IS comparable to what one person spends in fees now using the 
Dow Jones service). Penetration of the larger businesses would be 50% 
to 100%, penetration of- the smaller businesses - due to less sophisticated 
planning needs - 10% to 25%. Assume saturation in 10 years. (This cost 
does not take into account the cost of user terminals or transceiving 
equipment. ) 

In 1974 there were 26,000 lioranes in the US. This number was 
remaining fairly stable. Of this, 7600 could be considered major central 
libraries. By the year 1990 to 2010, we could see a growth of each to 
about 30,000 and 8000 respectively in the given time period. 

In 1973 there were about 2.0 million corporations in the US. Of 
this, 131,000 had assets greate, cnan $1 million. Businesses as a whole 
were increasing at the approximate rate of 100,000 per year. .Major 
corporations were increasing at the approximate rate of 8000 per year. 

Market revenue projections .can be found in Tables 5-8 and 5-9 for 
.libraries and businesses, with a total given in Table 5-10. A summary 
plot is shown in Figure 5-4 

5.3.4 Advanced T.V. Broadcast 

Mountainous, rural and remote areas currently have poor or no 
T.V, service 


due to 1 ine-of-sight transmissions. Reception is possible 
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TABLE 5-8. 

REVENUE FROM NATIONAL INFORMATION SERVICE 


(tlbrerics) 

Central 



Pcoulation 

Sa'uraticn 

Use' cr.”'uo 

Fee 

Least Case 

Re\ f niiP 

Bos: Case 
R^vpriue 

1990 

8000 

3.3‘i(7 5%) 

198 

SlOi. 

i: CM 

S'.. CM 

1991 


6.7% 

402 


4 . OM 

5.4M 

1992 


10% 

600 


6 . OM 

8 OM 

1993 


30% 

1800 


IS.OM 

24 OM 

1994 


50% 

3000 


30.0M 

40. OM 

199S 


70% 

4200 


4 2.0M 

SG OM 

1996 


90% 

5400 


54 Okl 

72 OM 

1997 


93.3% 

5598 


56. OM 

74 6M 

1998 


96 7% 

5802 


56 OM 

77. 4M 

1999 


100% 

6000 


60.01.: 

PC OM 

2000 



6000 


60. OM 

80 OM 

2005 



6000 


60 OM 

eo OV 

2010 



6000 


60 OM 

60.0M 


Other 

Poeulation 

Saturation 

User crojn 

Tee 

l.casi Cose 

Rc\ entie 

nest Ces 
Revenue 

1990 

22000 

3.3'%(50%) 

363 

- Sir. 

S'nM 

S 6M 

1991 


6.7% 

737 


7M 

1 3M 

1992 


0> 

1 100 


1 . IM 

2.0M 

1993 


30% ' 

3300 


3.3M 

5.9M 

1994 


50% 

5500 


5.5M ' 

9 . 9M. 

1995 


70% 

7700 


7 7 m 

13 91 • 

1996 


90% 

9900 


9.9K 

17.BM 

1997 


93.3% 

10763 


10. 3M 

18. 5M 

1998 


90 7% 

10037 


10 6M 

19.11' 

1999 


1C0% 

11000 


1 1 . OM 

19. BM 

2000 



11000 


1 1 . OM 

19 BM 

2005 



1 1000 


11. CM 

19 PM 

2010 



UOOC 


1 1 . OM 

19.6M 




TABLE 5-9 


(Businesses) 



c'ea'er than Si 

milhsn 










Least Case 

Best Case 


Pooulaiion 

Sat ura lion 

User oro-jo 

Tee 

Ket enue 

Rever je 

2000 

3471. 

3.3%(50t=) 

5.71. 

SIC. 

5571/ 

S114M 

2001 

3553 

6.75. 

11.91 


119M 

2361/ 

:'0(J2 

363K 

10% 

18.11. 


1811/ 

36:'*/ 

2003 

371K 

30% 

55. CK 


556M 

10121/ 

20D‘ 

37SU 

50% 

94.71 


947V 

16941/ 

2C1CS 

3C7I 

70% 

135 


13541/ 

27081/ 

20Do 

3 95i 

90'*- 

177.71 


17771/ 

355^1/ 

2007 

-.02* 

93.3% 

1C8 M. 


18801/ ^ 

-37G0K' 

20C8 

<li 

9o 7% 

198 71 


19S71/ 

3974M 

200S 


100% 

209 51 


2C05!/ 

4 1 90M 

2010 

<27K 


213.51 


21351.' 

<:70M 

Olhti 












1 cast C-o.'o 

best Case 


Po'jlcticn 

Cal cr.i' itm 

U'er ofO'ir 

foe 

Revenue 

rtt cnue 

2000 


3 3%(10' ) 

1 . 51 

5ii 

S14 5V 

536 21/ 

2001 

4 51.'. 

6 7'% 

30 11. 


30 IM 

7 5 2M 

200: 

4 6*.' 

lOSi 

40 01 


46 OR' 

1)5 OV. 

2003 

4.7.V 

30% 

1-.I 0* 


141 01/ 

352 5M 

2004 

4 81.' 

50% 

240 01 


240 OK* 

600 OM 

2005 

4. 9 1.1 

70% 

•»43 01. 


343 01' 

C57.5K'. 

2000 

5 0*.' 

90% 

<50 O' 


450.01' 

1 125 01/ 

2007 

5 1 M 

93 35; 

475 PI 


475 81/ 

HPo 5 m 

2008 

5 2M 

90.7% 

502 111 


502 6'.'. 

::57 01/ 

2008 

5.31.' 

100% 

530.01. 


530 01/ 

1325 ok; 

2010 

5 41/ 

* 

540 01. 


540 01. 

1350 OM 







V- 


Least Case Total 

2003 $768. OM 

2004 1258. OM 

2005 1768. OM 

2006 2298. OM 

2007 2426. 8M 

2008 2560. 8M 

2009 2696. OM 

2010 2746. OM 


TABLE. 5-10 

Best Case Total 
$1464. 3M 
2593. 3M 
3665. 3M 
4778. 8M 
5043. 3M 
5330. 6M 
5514. 6iV; 

5719. SM 






in all US arpas, though, with very small antennas, through a powerful 

satellite located in geostationary orbit. Through this system, the 

V , 

purely regional nature of local station programming could be lleviated. 
Also 512 different color T.V. channels would be possible. They would be 
coveied in 150 beams, efith with a 90-mi footprint. 

Any direct-to-home T.V. broadcast system would face extensive 
delays at the FCC level. This means earliest implementation would occur 
roughly in year 2000. A sicniftcanc problem would come with expansion of 
the number of channels from the present UHF and VHF (about 85) to the 
512 indicated. However, this would likely be necessary if a national T.V. 
system were to talce effect, since it would be difficult if not impossible 
to find many clear channels in the uS - even in the UHF spectrum. 

Assuming, however, that a new set of channels opens up, ard that 
national clearance is guen, market saturation (to 100%) would likely take 
about 30 years. This is app»‘oxiiiiately the saturation time for color T.V. 
sets. (This also assumes a sufficient supply of programming.) 

In 1974 there were 71 million BiW T.-V.-sets. This number ap- 
proximates the number of homes with T.V. sets, since it represents a 99.9/ 
saturation of the ma.'ket. It is growing at an approximate rate of 2M per 
year. If we approximate future growth from annual housing starts at IM 
per year, ttien we have an anticipated number of users of the service. 

User fees would be comparable to existing cable user fees ($10 
to $20 per month), a.-eraging around $100 per year. This could be assessed 
directly or derived from advertising revenues. Penetration of the market 
could range from 10% (replacing cable T.V. service) to 100%. At a 10% 
penetration, saturation could come in a shorter time period, 20 years. 

Finally, it is thought that ground equipment would not be much 
more complex than existing equipment, and that acquisition and operating 
costs would be comparable. A table reflecting this and above assumptions 
and proj^ections is Table 5-11. Figure 5-5 plots tlie revenue projections 
in best and worst case. 
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TABLE 5-11. REVENUE FROM ADVANCED TV BROADCAST 
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(Best Case) 



PODulalion 

Saturation 

2000 

97m 

1 O' 
1 o 

2001 

98 m 

n <v 

2002 

99Ni 

3% 

2003 

lOOM 

4% 

2004 

lOlM 

5% 

2005 

102M 

6% 

2006 

103M 


2007 

lOlM 

or/ 
0 /'«> 

2008 

105M 

9% 

2009 

lOGM 

10“?^ 

2010 

1C7M 

io:i 


(Least Case) 



Poniilatio 1 

Saturaf 'Oil 

2000 

97M 

4 .S'fOtlOAl) 

2001 

9BM 

3.0% 

2002 

9 9M 

•1 . 5% 

2003 

lOOM 

6.0% 

200-' 

lOlM 

7 5% 

2005 

102M 

9.0% 

2006 

103M 

10% 

2007 

lOlM 

20% 

2008 

105M 

30% 

2009 

lOCM 

4 0% 

2010 

107M 

50% 


I'ser nrouo 

Fee 

Revenue 

97Vi 

5100 

5 9 7 M 

1.96M 


196.M 

2.97M 


297M 

4.00M 


■5 00M 

5.05M 


505 M 

6. 12M 


612M 

7.21M 


721 M 

8.32M 


83 2 M 

9. -ISM 


945M 

10. CM 


1O60M 

19.3M 


1 93 CM 


U 'or oroun 

Foe 

Rc’cnue 

. 1 IM 

5100 

51 1. 

.79M 


29. -iM 

.•IIM 


14 5.M 

.60M 


60. OM 

.7GM 


75. 7M 

.92M 


91 .8M 

1 .OM 


*103. OM 

2 . 1 M 


208 .OM 

3.1M 


315 .OM 

4 .2M 


4 24 .OM 

S.3M 


535 . OM 




Figure 5-5, Revenue From Advanced TV Satellite (User Fees) 
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5.3.5 Electronic Mail Transmission 


y Speedy delivery and lower cost mailing are the goals of this 
transmission system - a system which delivers a locally reproduced facsimile 
rather than the physical letter. Page readers ard facsimile printers at 
eacn post office read, transmit and reproduce mail. A satellite acts as 
a multichannel repeater. 

In the United States today there arr roughly 30,00C post offices. 

In 1970, they handled 85 billion pieces of mail, 50 billion of which were 
first class. In 1974, they had increased to 90 billion pieces of mail, 53 
billion of which were first class. Fifty percent of th»» mail volume was 
handled by approximately ICO post offices. 

Assumptions were organized so as to have three separate cases for 

analysis: 

Case 1 . 

100 major post offices equipped for transcei ving 
50% of all first class mail. I 

Transmission charge per sheet: lud. 

Average 2 sheets per letter. 

10% of potenti 4 i..Hsers use service. 

Saturation in 10 years. 

Case 2. 


100 major oost offices equipped for transcei ving 
priority first class mail only. 

Transmission charge per sheet: $1.00. 

Average 2 sheets per letter. 

1% of first class mail goes priority. 

Saturation in 10 years. 

Case 3 . 

30,000 post offices equipped for transcei ving all first 
class mail . 

Trahsmission charge per sheet: IOC. 

Average 2 sheets per letter. 

; Saturation in 20 years. 

50% of all potential users use service. 
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The results of the analysis for each of the three cases are in 
Table 5-12. Graphical illustration of possible revenues for electronic 
mail transmission can oe found in Figure 5-6. 

5.3.6 Disaster Conmunications 

0 

During disasters, there is a need to provide communications, 
command, and control to disaster area emergency personnel, since lack of 
communications hampers quick end effective handling of emergencies. A 
single satellite in geo-synchronous orbit could provide the nciossary service 
by connecting 2-way transceivers to each other and to control centers. 

Such a satellite could service 10 disaster areas and 250 urban centers with 
10 channels of voice coimiuni cations each. The communications would be 
secure and jam-proof. 

In determining the size of market, one should realize that there 
aren't that many disasters in the US which require significant emergency 
coverage out of the ordinary. Those that are, are generally handled by 
city police or firemen. Private security guards aren't generally called 
on to assist in disasters. Some situanons require military assistance 
(i.e,. , National Guard), but they could be expected to go through military 
ccnrnuni cations channels. Also, service agencies such as the Red Cross 
are present at disasters, but generally have little need for rapid on-the- 
spot communications in the way polite or firemen would. Thus, the market 
for a Disaster Communications Set could be expected to be somewhat smaller 
than that for an Urban Police Wrist Radio - which handles day-to-day 
coirenuni cations. 

In 1960 there were 364,000 ^ire and policemen;- in 1970, 541,000. 
This means a population increase of roughly 175K per decade. 

As with Urban Police Radio, competing systems in use place the user 
group in a range from 1% to 25S of tne relevant pooulation. Assume a user 
subscriotion fee equivalent to $100 per year per man, and a moderate 
saturation time for 10 years. While the service would be desirable to some 
organizations, it would take some time to change over procedures from those 
existing. With no entry delay, the system would be technologically feasible - 
hence on line - in 1990. 
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Market revenue projections are given in Table 5-13, and a summary 
plot is shown in Figure 5-7. 

5.3.7 Vehicle Inspection/Coirniunications 

. With this system, a microprocessor located in each automobile 
manufactured would sample the condition of key safety items on or in the 
vehicle. Such items include tires, steering joints, lignts, brakes, glass, 
etc. A small broadcast system would allow periodic sampling by satellite 
and identification of unsafe vehicles nationwide. 

Monitoring vehicle safety at a central location becomes more and 
more practical as auto standards and anti-pollution laws become more 
stringent. However, due to the fact that most auco standards are set and 
enforced by the various states, it would be difficult, if not impossible, 
to come to terms with a national motor vehicle inspection system. Con- 
sequently, the central point of monitoring would ’ikely be in the states 
which mandate this particular technique. This inspection technique v/ould 
not be viable without appropriate legislative backing. 

One state particularly aggressive in monitoring pollution standards 
is California. California is known for setting its own standards, ones 
which are significantly more stringent than other states, nence "California 
cars". It may be the case that California would be the only state benefiting 
from such a service - though it would also be a most likely state. With 
California having roughly 10% of the nation’s population, we can also assume 
it has roughly 10% of the automobiles, and that 10% of new car sales are 
made in California. 

For '.he best case, assume that the more populous states join the 
program because of urban air pollution, but that less populated states either 
cannot afford the sophisticated equipment or see no need to change existing 
inspection techniques This would mean approximately 50% of cars would 
fall under the program. 


In bringing the system intc operation, typically we would see all 
new cars being mandated with the equipment, with older cars to be equipped 
by a certain deadline. For the purposes of this analysis, assume an average 



TABLE 5-13. REVENUE FROM DIFASTER COMMUNICATIONS SET 
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yparly npw car sales figure of 10 million (US); a yearly increase of cars 
in the US by 4 million; and^ a saturation time of the systein in 5 years 
(at which time all cars must be appropriately equipped.) As part of the 
system, assume a $10 cost for the microprocessor - whether it is placed 
in a new or old car (labor extra). 

Since a sophisticated diagnostic test center charges $15 - $25, 
a straightforward simple test such as in this inspection system should cost 
considerably less - say $1 per use per car. Assume each car is polled 
twice a year. ^ 

Best and worst case statistics for both the user fee and the 
microprocessor are given in Table 5-14. Suimiary revenue plots can be found 
in Figure 5-8. 

5.3.8 Global Search and Rescue Locator 

The efficiency of search and rescue operations could be increased 
with the introduction nf a small coded transmitter placed in an etnerqency 
package to be carried by boats and aircraft. Signals thus generated would 
be received and transponded by satellites, and the location of the trans- 
mitting object computed by TDOA techniques. Placement of these transmitters 
worldwide is the implementation goal for this concept. 

Although a global search end rescue locator would find some use 
in ocean-going pleasure boats and merchant .vessels, the major market would 
liKely be found in aviation. We are assuming that its use in aircraft 
would be mandated by law due to historical precedents in the aviation field 
and the excellent coverage provided by this system. There is little 
authority, legal or otherwise, for mandating equipment on ocean vessels. 
Overseas a similar device could be recommended for commercial aviation, 
but mandatory powers are fairly restricted, especially with regard to 
general aviation. 

In 1974, there were roughly 160,000 general aviation aircraft in 
the US. This number v/as growing at roughly 15K per year. Commercial 
aircraft (US) 'numbered roughly 2500, with little or no anticipated change. 
Outside the US, general aircraft was perhaps 75V the US figure, and commercial 
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TABLE 5-14. REVENUE FROM VEHICLE INSPECTION/COMMUNICATIONS 
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aircraft twice the US figure (say 5000). Assuming a US-randated product 
entry date of 1090 (five year delay from technological availability), 
saturation could be reached within 5 years (comparable to the experience of 
1-3 years saturation w’th prior search and rescue systems). Average price 
can be assumed at S200 - about tnat of existing systems. It would be 
difficult, however, to assess a user fee, since this service is useo only 
once per craft, for a very short period. The-e would be a negligible 
replacement rate. 

Overseas, we can expect perh.’ps 10'. to 50'i of general' and coimiercial 
aviation to use the system, saturating ,n a 10 year period. 

While dS aviation penetration would likely reach 100', oce-n vessel 
penetration would be significantly lower. We can ssume anywhere fren 10‘. 
to 50" of merchant vessels worldwide, and T, to 10" of ocean-going vessels 
lUS). Assune a 10 year saturation time for boats. 

Market projections of air, sta and total rtvem.e (best ana worst 
case) are in Tables 5-15, 5-16 and 5-17. A supiiiary plot is given in 
Figure 5-9. 

5.3.9 Nuclear Fuel Locator 

Nuclear fuel can bo stolen by terrorists to create unauthorized 
weapons - hence must be kept under very stringent security, l.'hile ^uel 
reprocessing and fabrication plants are *'easonably secure, the security of 
the system breaks down m the transporting. Transportation is the most 
vulnerable part of the fuel cycle. 

The key, then, is real-tine monitoring of the location of nuclear 
material to prevent proliferation of weapons and nuclear blacinail. To 
accnmplish this, each assembly c- container is tagged with a mcrowavo 
generator in a tamper-indicating case. Uniquely coded signals are trans- 
ponded by four satellites in 24-nour elliptical inclined orbits, the postion 
of each container is then computed by time-di fference-cf-arn val on the 
ground Each fuel assembly is continuously identified and located to + 500 
feet, whether in a reactor building, in trarsit.'or in storage 







. j, f 






f 


TABLE 5-15. 
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Cost 
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There are three types of nuclear fuels of concern: plutonium 

(Pu); high-enriched uranium (HeU); and uranium 233 (U233). The proportions 
of use of eacti of these will depend on development scenarios of Light 
Water Reactors (LWR) and High Temperature Gas Reactors (HTGR). (The 
assumption In this analysis Is that - by policy dictate. Liquid Metal 
Fast Breeder Reactors will net cane to be.) 

There are two stages In the transporting process: 

1. Fuel reprocessing plants or storage facilities to fuel fabrica- 
tion plants; 

2. ^ Fabrication plants to power plants. 

The greatest concern is in the first stage, since the fuel In this stage 
can be readily transformed into weaponry. After fabrication, the fuel Is 
not of weapons grade quality. This analysis will consider locators In 
both stages, ard In each stage alone. 

Deperding on whether HTGP gains favor (1)0** LWR retains favor and 
solves itc problems (II), the following figures are applicable for production 
of tne three fuels. 

(Production) 


1980 

Pu 

27 

KeU 

1.6 

(1233 

.rs 

-Eil 

27 

HeU 

1.6 

11233 

.05 

1985 

G3 

30 

3 

69 

8.4 

1.8 

1990 

92 

113 

22 

140 

7.7 

3.9 

1995 

103 

219 

76 

245 

7.9 

4.1 

2000 

109 

316 

159 

385 

7.9 

4.1 


(metric tons produced) 

In shipping, weight limits and safety factors generally imply the following 
load limits per shipments: 

Pu 175 kg 

HeU 2000 kg t 

U233 -- 700 kg 

This then gives a number of truckloads, from which we can derive stage 1 
locator requirements. 



i 







(Truckloads) 




I 



II 

Pul HeU 

1980 154 1 

U233 

1 

Pu 

154 

HeU IJ233 

1 1 

1985 360 15 

4 

394 

5 3 

1990 526 56 

31 

800 

4 6 

1995 588 109 

108 

1400 

4 5 

2000 623 158 

227 

2200 

4 6 

Each truckload will have a certain nurber of containers, and each conta’ner 
will have a coding transmitter. As an average approximation, assume 25 

containers (transmitters) per truckload 

Then 


(Transmitters) 




I 

II 



1980 3900 

1985 9475 

3900 

10050 



1990 15325 

20250 



1995 20125 

35250 



2000 25200 

55250 


- 

Stage 2 shipments will 

be somewhat more 

extensive, but will be independent 

of scenario. 




Truckloads 

Transmi tte. s 



1980 500 

12500 



1985 1000 

25000 



1990 2000 

50000 


- 

lSi95 '3500 

87500 



2000 5000 

125000 



It should be noted that if breeder reactors are 

given a policy mandate- for 

1 develvipment, then the 

number of stage 1 

shipments (of plutonium) will 

1 drastically increase. 

Also, 1 f reprocessing plants remain out of favor 

I by policy, then the only relevant shipments are 

the less dangerous stage 2 

type. 



- 

In determining market revenue. 

assume 

a user fee of $10 per trans- 

mitter use (dictated by economics): immediate 100% saturation in 1985, and 

- 
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use by all shipments. Market revenue projections are given in Table 5-18, 
and a suninaryplot is shown in Figure 5-10. 

^'TABLE 5-18. REVENUE FROM NUCLEAR FUEL LOCATORS 


only ,$taqe 2 onlj 


Stage 1 (I) +2 Stage 1 (II) + 2 


$95K 

o 

$250K 

$345K 

$350K 

153K 


500K 

653K 

702K 

201K 


875K 

1076k 

1227K 

252K 


1250K 

1502K 

1802K 


5.3.10 Transportation Services 

There are similar and overlapping requirements by many agencies 
for precision air traffic navicition. A satellite system in polar orbit 
could simultaneously satisfy traffic control, air surveillance, navigation, 
position fixing, and command/control requirements for a multiplicity of 
users. Such a system would be composed of a nun^er of satellites in 8000 
nmi polar orbit. Comsat transponders would be used, with four in view of 
the user at any time at different angles and ranges, to provide TDOA 
position fixing and 2-way cotimum cations. Users could be positioned to 
30 feet, with surveillance of beacon to 100 feet, and digital comriuni cations 
of 100 kb/second - 
! 

The pr’mary market for a transportation services satellite' system 
would seem to be commercial aviation. This market would come about only 
at the mandating of the FAA - since many existing systems would have to 
be mo(iified or scrapped. For such a mandate to come about would mean 
extensive delay. Assume therefore that while it may be technologically 
feasible in 1985, such a system begins to come on line in 1995. Although 
available to general aviation, first users would likely be commercial 
aviation. 

In 1974 there were 2700 commercial jets in operation in the US. 

This number coul'^ “xpect to remain fairly stable over the time period, with 
a small replacement number per year. The user market would saturate 
quickly (5 years), because of the mandate, to 100«. By the year 2000 we might 
begin to see some use by general aviation - particularly with instrument 









flights. In 1974 there were approximately 160,000 general aviation aircraft 
in the US. This number was growing at roughly 15,000 per year. The 
percentage of general aviation users could range from 10% to 100%, depending 
on whether or not all general aircraft were required to. Again, saturation 
would be quick if mandated (5 years), but slow if not (iO years). 

User fees would be hidden in taxes. Definable revenue would come 
from sale of equipment. Assume conriercial equipment would run $10,000 
per plane, and general aviation equipment would average $500-per plane. 

Market revenue projections foi commercial and general (mandated, 
optional) markets are given in Table 5-19 with total revenues given in 
Table 5-20. |A summary plot is shown in Figure 5-11. 

5-2. il Rail Aiiti -Colli Sion System 

Presently, losses of life, property, and productivity due to rail 
collisions are quite large. However, a satellite system *n equatinal 
orbit could reduce or completely eliminate rail collisions. Such a system 
would be composed of three satellites, each with 116 beams of 180 nautical 
mile diameter on the ground. Every train participating in tr.e service 
would carry a small beacon and command receiver. Location of each train 
would be continuously computed on the ground. Within 0.’ seconds of 
detection of a collision course, an alerting buzzer in the relevant trairs 
would sound, or the trains would be stopped. 

F»"om 1970 to 1974, there were approximately 30,000 locomotives in 
the US. This does not necessarily represent the number of trains in 
operation, however, since many trains use two or more locomotives, and 
some locomotives are used only in the switch yard. Therefore assume the 
service would be available for use by up to 1/3 of the number of 
locomotivesi ac representing user trains in operation (10,000), and tnat 
the number of trains in operation rema.os constant in the given period. 

But since some lines are short haul with little equipment, and 
since some major lines have sophisticated computer equipment in place, 
assume a band of users of 25% to 75% of the theoretical user number. 

Further, assume a yearly user fee of $5000 in determining revenue. (This 
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TABLE 5-20 


1995 

1996 

1997 

1998 

1999 

2000 
2001 
2002 

2003 

2004 
zOOj 
2006 

2007 

2008 
2009 

2oic 


0 


Least Case Revalue 
$y.4M 
5.4M 
5.4M 
5/4 M 
5.4M 
' 1.4M 
1 .5M 
1.5M 
6 .7M 
7.0M 
7.3M 
7.6M 
. 2.3M 
2.4M 
2,4M 
1.2M 


Best Case Revenue 
$5.4M 
S.4M 
S.4M 
5.4M 
S.4M 
57. OM 
eO.OIy! 

63. OM 

66. OM 

69. OM 

C.OM 

8.0M 

8.0M 

8.0M 

8.0M 

8.0M 





does not take into account cost of ground computing equipment, which coaid 
be substantial.) Assume time to saturation of 20 years - a medium time 
periOQ because this is a safety service which, while possibly funded from 
insurance premium savings, does not contribute to cash flow which railroads 
so badly need. 

Market ^revenue best and worst case projections are given in 
Table 5-21. A summary plot is shown in Figure 5-12. 

5.3.12 Personal Navigation Sets 

For some people, there is a need for accurate relative position 
determination with very inexpensi > user equipment. This can bo 
accomplished with a single large phased array in geo-synchronous orbit, 
whicn sweeps narrow beams over the country. Simple receivers then measure 
time elapsed between pulses received, and display dis^^ance (N-S,£-W) to 
a fixed point less than 100 nmi away. Position should be able to be doter- 
mined to within 300 feet every 10 seconds. Such a system could be 

technologically feasible in 1990, with no foreseeable delays. 

1 

If we assume concui rent developmenc of ati inexpensive portable tele- 
phone system, then the upper limit of assumed purchases of a navigation 
set would likely be the number of purchasers of a portable 
communication set. That is, it's not -conceivable that more people would 
need navigation sets than would .need inexpensive commi*ni cat ions devices. 

The lower limit would see particular user groups finding value in personal 
navigation sets. These groups would tend to be people found off the beaten 
track - in unmapped areas - and cou’d include hunters and hikers (numbers 
taken from 1976 Statistical Abstract of the US). A moderate demand fro. 
these groups could mean a 25? penetration Ultimate saturation level would 
likely take a long period, due to widespread distribution of alternative 
methods such as compasses, and resistance to change factors. 

For pricing purposes, assume a track of declining prices similar 
to . telephones, but with prices startinq at SlOO and declining to SIC 
(as indicated m Advanced Space Systems Concepts). For hypothetical 
market assumptions, assume the same growth curve as the portable telephone, 
starting in 1990. It should he noted that revenues from this service would 
come from sale of sets, not from user fees. Thus there would be a 
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limiting point, beyond which the market would be saturated, and revenues 
would sharply decline. 

Best case and worst case market rt*-enue projections are given in 
Table 5-22, wUh a summary plot in Figure 5-13. 

5.3.13 Vehicle / Packaqe loca tor 

According to recent industry ropo**ts, cargo theft is at a $1.5 
billion iiite, and is increasing at $250 million annually. Most of this 
theft (60t) IS from trucks. Truck companies have found that increasing 
security surveillance both cuts down on losses and reduces insurance 
premiums. ' 

To forestall increased Ihett, a satellite system may he. used. In 
conjunction with this system, a stkill transceiver is attached to (or enclosed 
in) each unit to be tracked. The unit delennin«»s its location using a 
crossed antenna navination satellite, and relays the data to a control 
center via a special coninuni cat ions satellite when quei led. The transceiver 
could cost less than $10, wei()hing but 3 ounces. Up to one billion 
vehicles or containers could be located * 300 feet anywhei'c in the 
country. 

Revenue from this sei • ice would be a function of loading and 
mileage (and perhaps independent of tonnage, since there are many high 
value per weight items now hcing sh’pped). One close approximation would 
come from a revenue mile figure. A security system cost might be 
acceptable at an egui valent charge of Ic per revenue-mile. This means a 
truck driving 50000 miles/year would pay $500 for the service. The following 
figures are applicable. 

l?ep 1965 l^DJO 
Vehicle revenue nilos x 10^ 7203 9154 11498 

For projection purposes, assimie an increase of 4x10^ revenue miles per 
decade. Also assume a 25.. to 75'“ penetration (theft and hnacking is an 
industry-wide problem) and a quick saturation (10 years) iiuluced by reduced 
insurance premiums. 

A second potential user is the automobile owner, in proteotion 
against theft. With both the numlu'r u1 cars in use and niiniher of cars 
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TABLE 5 - 22 . REVEKJE FROM tJAVIGAl ION SETS 
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stolen rising (as well as Insurance rretr.lums). It might pay for owners 
In high density urban areas to Invest $10 per year for a locator service 
In tne event of theft. The market would likely be about the same as car 
alarm systems. Assume therefore a penetration of IX to 5X of all cars 
In use« and a saturation In 10 years. In 1970 there were 108M cars regis- 
tered In the US; In 1974, 132M. Assume as a conservative projection, a 
long-term Increase of 4 million per year. 

Revepuo from package locators and auto locators Is given In Table 
5-23. Total best and worst case revenue Is given In Table 5-24. A summary 
plot Is shewn' In Figure 5-14. 

5.3.14 Votlng/Polllnq Set 


Market and opinion surveys generally take a very limited sampling 
of oolnion to deterr.ilne likes and dislikes about various matters. In soma 
Instances, a ..ample as small as 2000 ran be made to represent statistically 
the 200,000,000 people of the entire country. 

Polling techniques vary with the customer ano survey organization. 
Samples can be obtained from phone calls, from house or plant visits, from 
mailers, or from studio sessions. Surveys can run as short as several 
minutes and as long as hours, again depending on the nature and complexity 
ftf the survey. 

One technique could use a multi-channel satellite which queries 
portable teleohoncs, and relays responses to the originating source from the 
Individual voter. This system would use a single satellite In geo-synchronous 
orbit, capable of polling lOOM people in one hour. It would relay any 10- 
blt message automatically upon query. 

The voting/polling, wrist set seems to be less suited to strict 
statistical market samplings than to straw polls - mainly because of the 
element of control In sampling. Genertilly, straw polls are of a political 
or quasl-polltlcal nature. The Intent Is not to be precise In measuring 
an on-golng trend, but to get a rough feel about how voters stand now on 
a particular Issue, The service might find use therefore in setting 
national policy, as In a gigantic town meeting, or In break1ig«a polltcal 
logjam, but would 11ke1> find little use In commercial or Industrial survey 
situations. 
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TABLE 5-24. 
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THe value of a satellite system would be Its speed of response 
(though there oust be some means of presenting the questions and Issues 
to the voters); an^ presumably Its low-cost on a large-scale basis. 
Competitive techniques would be telephone surveys* which have a rapid 
response time (but high cost: $1 - $10 per call); or low cost as In a 
mall survey (but slow response: up to 4 weeks delay). 

Assuming therefore a means of presenting the Issues - as with a 
TV tie-in on a regular basis, or other media technique - then at 104 per 
use per person polled, an instant response might be worthwhile. (This 
Is cost of satellite use only, and does not Include ground computer or 
data Interpretation time). 

As a rough estimate, take the number of portable telephones as 
presented In the Best Case analysis. Then assume a 102 to 502 participa- 
tion banding to determine ultimate revenue. Since the telephone doesn't 
come Into sei'. Ice until 1995; and since a reasonably large number of users 

t 

must be on line for the poll to be effective; then assume the service 
starts In the year 2000. (A lesser case would imply pushing the start 
of the polling service out into the future.) Finally, assume a poll Is 
taken bi-weekly, or roughly 25 times a year. This would take Into account 
some of the larger states which might want to occasionally use the service. 

Market revenue projections are given In Table 5-25, with a suiranary 
plot shown In Figure 5-15, 

5.3.15 Education 

Technologically available in 1980, an educational service by 
(satellite would allow direct-to-home or to central facility education TV 
programs. Such a service would be particularly useful In mountainous 
regions wheresparse population limits funding for facilities, and where 
mountains block reception of good quality qround-based television programming. 
Satellite hardware will be related to present-day large communications 
satellites In geo-synchronous orbit. The satellite will transmit video and 
audio every hour of the day, six or seven days per week. Each program will 
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Figure 5-15. Re/enue From Voting/Polling Wrist Set 
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be transmitted at ^ast four times per day. There will therefore be six 
courses per day, with varyiruj semester lengths. There will likely be 1 to 
3 satellites to cover the entire domestic US market. The antenna/t* ansmitter 
will be sufficieat’y powerful to require up special equipment fo: earth 
users. 

Receive hardware will be no nmc cc-<’iplev th.in Oi-.' current television 
and antenna setup found in most mimes High resolution re.quircrcnts can be 
met with mass-produced, low-cost 3 meter dish antennas. 

Continuing education can sal’btv n.^eds lanoimi iron’ funda.iiental 
(clemcntjty, vocat lonal and educUional •.killb) to adva'ued aid teruiheral 

(foreign lanquapes. yoiK , etc ). Lducation bv television can satisfy 
many - though not all - of tiie educational needs. There are some situations 
which require eithe*' the close personal supervision of- the instructor, 
hands-on ctiuipnient , or imriediatc and direct feedback by the instructor. 

This implies a potential television user group whicn is snuller in number 
than the tot.il actual number of adults new in continuinq education 

Inilially. the universe of ui,erb would likely he limited to those 
mountainous reqions virtually inaccessible by present means of t el ecor .uini ca- 
tions, and generally unable to support extensive amounts of continuing 
educ.'.tion because of low population densities. As tne sersice becomes 
more widely used, the n.iikot might expand to include adults preferring to 
take the relevant courses in their own homos, rather than at nearby 
schools or universities, and facilities giving centraliaed couise situations, 
ihus while the initial market might lepresenf an addition in numbers to 
those adults a'ready takin.g coutses. this addition would seem to be a minor 
one, considering the low population donsities in the aicas served. The 
general market would seem to be conunient with those adults already in 
the Market for education. The potential universe of buversAisers i ill 
therefore be assumed to be the same geneial populitnvi as would othci-wise 
be taking continuing education couises. 


In 19^ there were 15.734,000 adults taking some kind of continuing 
education. Some of these were taking courses at work, or soffie form of 
vocational training, o- courses at local public schools which would probably 
not be readily televised on a national basis. The remainder - some 6.,COO.OOO* 
were taken at 2 and 4 year colleges. Many of the courses at this level 
would likely be amenable to televised presentation. The market would then 
hinge on a percentage of these course- takers which would prefer tu take 
the course at home ... or which of the colleges would elect to use the 
televised courses, to supplement or augment the existing curriculum. For 
a probable band of users, consider lOS to 2SZ of this number as ultimately 
being amenable to televised courses. It is likely that pressure from 
existing faculty mef*i>ers would prevent any wholesale displacement of the 
faculty by -.he television series, thus precluding a la-ger percentage of 
use. Assume aiso that each user would take an average of two courses 
per year. 

The total universe of users will be assumed as a percentage of 
the general oopulation of the US, age 2! and over. In this case. 6,000,000 
was roughly 5i of 128,000,000 (general population age 21 and over in 1972). 
The projected figures will use US projected population to the year 
201b (Series II and II X). 

Analogous services would include existing adult continuing education 
courses, some of which are already given by T.V.; and educational television 
programs now received at home. While the adult education courses on public 
television are generally without fee (payjient is by voluntary subscription), 
continuing education courses generally charge $20 to $50 per course at the 
more popular universities. Assume an average televised course charge there- 
fore of $20, with the average course lasting three months. 

There could be a significant delay in setting up the service due 
to the need to allocate clear channels over much of the US. This would 
trean the FCC might have io reallocate some existing channels, meaning some 
controversy at the local level. Assume therefore a nwderate (5 year) delay 
barrier to entry. 




Snuo thi' pnnwry rivtMv»'r - ti'^ovtsioii - in place in most 
homes aiul t.icililios aliv.uly. .iiul sime the t.uilities tor proiliu t ion aie 
in place, then oncP the service wre »i«veii a ju>-ahea»l. then* sluniKl he 
little not'd for stretchout h«*fore the orowth phase. Suciess and oiowth of 
tac SOI vice will depend t,u*te a hit on pro.mit«on (he available pi‘0(;iams, 
and com ses of term’d. ' ' - 

Idiuation should not he toiisidered a fast nrowtli Industry. Its 
methods are fairlv well e-itn-iu hod , and there aie imiraineil wa\s »ii doiiui 
thiiuis in this field ffowever, ilir henefits of liaviiu) aitiedited loui'ses 
in till liivm' iiMv oufwei'ih any resist.uue to chaiiiie af'tei a leasoiiahle I line. 
Civnj'et 1 1 ion will include lahle television, .ilreidv in place in many areas, 
so wo should evpect a slow tiaik ( ui years) to ultimate saturation 

With ideal satuiafion lomiiiii i.i U1 veais, and .‘ero stietcliout from 
resislaiue to v h.iiuie factors, liv of the satutatuiii level will lome in d 

I 

years after entry (tO:(.U5 yeai')) Similarly, the final 10' will take 
‘1 yeais. 


Ihe followiiui tables aio applicahlo to this anahsis. 

Tahle shows tlu? lumulative numher of users (worst cise) hy 

veai . 

Tahle S-J7 sluiws woist vase lesultant ri'venuo hy year. 

lahle b-.’S? sluiws Ihe vumulative iiumhv'r of iisoi s (host case) hy 
year. 

Tahle b-J‘l sriv'ws the host vase lesultar.t revenue hy year. 

Tfijure 5-16 shv'ws a sumiu.iry plot of anticipatod rwenues. 

5..T IC Hrhan/I'o! iv e WM'. t Kadio r 

llio, wrist .'-way I raiisv oi vor and v haniiel i.'od fimisat uivo instant 
T-way vviniiunu at Uhls to patrolnu'ii. A hivili di'ip ee ol molulitv and safotv 
is\iihievod tliioiniti the radio's anti-iar. st'cuie, and liiuli v ovorav)o/wivle 
area fea'ures. Users ot the Hi I'aii/Pol u e Wi 1st K.iilio system vvuiUl lui hide 
tirenh'ii ami semrilv vpiaids as well as poluemen. 




TABLE 5-26. CUMULATIVE USERS BY YEAR (LEAST CA?-l) 
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TA3LE 5-28. CUMULATIVE USERS BY YEAR ( BEST CASE) 
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TABLE 5-29. RESULTANT REVENUE BY YEAR (BEST CASE) 
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Figure 5-16. Education by Satellite 
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In 1960, there were 693,000 people in these categories. Ten years 
later this figure grown to 908,000. From this, we assume growth in 
the relevant population of roughly 200,000 per decade. Not all of these 
people, however, will use the Urban/Police Wrist Radio system du'; .o 
competing communication systems. Also, some organizations will be too 
small to need such sophisticated services. Consequently, we assume that 
the user group could range from a low T' to a high of Z5X of the relevant 
population. 

The cost to the user will be $250 for the unit and a user sub- 
scription fee equivalent to SlOO per year per user. With a market saturation 
period of 10 years and a replacement level (after start-up) of lOX, we can 
derive best and worst case revenues for both unit sales and subscription 
fees. The details of these revenues are given in Table 5-30 and 5-31. 

Summary plots can be found in Figures 5-17 and 5-18. 

5.3.17 Coas tal An t 2.- Collision Pa ss ivc Radar 

There is a need for an inexpensive and lightweight radar system for 
dll coastal surface vessels, for the purpose of navigation and collision 
avoidance. Typically, conventional radar is too expensive, and is also 

interference prone, which precludes .ts use by many vehicles. In particular, 
pleasure craft arc usually denied the benefits of radar. 

A satellite system, composed of two laiyc satellites 90 degrees 
apart in synchronous equatorial orbit, would illuminate seacoasts with 
scanning microwave beams. Scanning receiving antennas (3 ft X 0.5 ft) on 
boats would then obtain range and angle oata on potential hazards. There 
could be an unlimited number of users, and cadi boat would be able to 
determine the relative location of all objects larger than 100 m^ within 
a 12 nmi range. 
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According to the 1976 Statistical Abstract of tne US, in 1974 there 
were 58,000 US merchant vessels of 5-> tons. Of these, 3600 were greater 
than 100 tons. There were also 7.6 million pleasure boats in the US. 
Assuming the need for this service is in from 25? to virtually all (100?) 
merchant vessels - but that most of those over 100 tons already have a 
radar system; and a need in 1? to 25? of all ocean-going motorized 
vessels including pleasure craft; then the best case and worst case market 
revenue projections in Table 5-32 and 5-33 could apply. (For thii purpose, 
assume 25? of all pleasure boats are ocean-going, and 80' of thest are 
motorized.) 

There can be no user's fee for the service since this is a passive 
receive system. However, there will be some associated revenue from sale 
of radar receive s.^ts ... at an assumeo price of $500 to correlate with 
an^’or^i.; T.V. and oscilloscope products which use tube scans. Finally, 

I 

the timing of market saturation is somewhat uncertain, but is assumed here 
to come in 10 years - in part because of the relative price oi the receive 
set. The system is technologically feasible by 1995. 

A summary plot is shown in Figure 5-19. 

5.3.18 L and and Water Resources 

Earth Satellite Corporation has performed a study relating to the 
potential benefits resulting from a satellite imagining system (Landsat). 

The time period of ♦’hese benefits was chosen to be 1977 - 1906. The 
benefits wer»> annualized to give a steady stream. In this case, we will 
assume that revenue would equal the level of benefits (low range to high), 

and that there are conmercial users interested in each service. Each 
forecast assumes a two-satellite system. 

Benefits in Agricultural Production related to the following 
applications: 
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o Crop acreage forecasting 
o Crop yield forecasting 
0 Agricultural land stratification 
e Design and operation of ''irrigation projects 
o Pest susceptibility mapping 
e Flood damage assessment in agriculture 

Agriculture benefits (revenue) range from 1.7M to 3.9M annually. 

Benefits in Water Resources Management related to the following 
applications: 

e Snow mapping runoff forecasting 
0 Surface water extent 
0 Location and extent of groundwater 
0 Hydrologic response of watershed 
0 Flood area assessment 

Water Resources Management benefits range from 3.9M to 12. 2M annually, with 
most coming from snow mapping and runoff forecasting. 

. Benefits in Rangeland Management related to the following 
applications: 

ej Range monitoring 
9 Range inventory 
o Range feed condition 
e ether 

Rangeland Management benefits range from 5.2M to 22. 8M annually, with most 
coming from range monitoring. 

Benefits in Forest Management related to the following applications- 

0 Forest inventory 
e Forest vegetation mapping 
e Forest fire management 

0 Timber management 

\ 

e forest pest detection and control 
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Forestry benefits range from-O.SM to 2.9H annually. 

V 

Benefits in Land Use Plannituj & Management related to the following 
applications: 

e State land use planning 
o Site and route selection 
9 Federal land planning 
0 Cartographic mapping 

Land use benefits range from 9.7M to 17. 2M annually, with most coming from 
state land use planning. 

Benefits in Geological Exploration and Mineral Resources Man<jgemcnt 
related to: 

0 Petroleum exploration 
0 Mineral exploration 

Geological and mineral resources ber.efits range from O.IM to 0.6M annually. 

Benefits in Marine Resources Management related to: 

Q Living marine resources 
Q Waterborne transportation 
e Ocean and coastal engineering 

Marine resources benefits range from 0.5M to 1.1*! annually. 

In summation, probable annual benefits (1977-1086) from a two 
Sttellif resource imagining system range are as follows: 


Agriculture Production 
Water Resources Management 
Rangeland Management 
Forestry 

Land Use Planning and Management 
Geological and Mineral Resource Hgt. 
Marine Resources and Ocean 'Purvey 


$1.7M - 3.0M 
3.9M - 12. 2M 
5.2M - 22. SM 
0.8M - 2.9M 
9.7M - 17. 2M 
O.IM - 0.-6M 
0.5M - I.IM 


Total S21.9M - 60. 7M 

In addition, ECON, Inc. has performed a study (The Economic Value of 
Remote Sensing of Earth Resources from Space . . .) which provides for 


significantlyi greater benefits than the Earth Satellite study. 




In particular, a typical year (1985) gives the following range 
of benefits: 


Agriculture 

Forestry, Wildlife, Range 
Inland water resources 
Land use 

Minerals, fossil fuels 

Atmosphere 

Oceans 


$252.5 - 554. 5H 
62.2 
57.2 

53.5 

1.6 - 3.9 

1.5 - 10.5 
1.75 - 4.25 


$430 - 745 Million 

For a broad sampling of years (1980 - 1992), the following benefits 
were assun<ed: 


These may be considered an upper band of potential benefits relative to the 
Earthsat study. 

It should be noted, in using the potential benefits figures, that 
these benefits are not necessarily related to potential market revenues. . 
The benefits relate to such intangibles as savings in time and energy 
and lower cost of end-derived product to the user. Market revenue, on 

f 

the other hand, would relate to cost of the images returned to Earth and 
possible fees for^ analysing the information. Revenues, therefore, would 
bo significantly lower than benefits. 

5 

5.3.19 Ocean Resources 

Fish protein resource yield needs to be maximized due to a world 
protein shortage. One way of efficiently mapping this resource is to use 
a satellite to measure temperature and emissivity diffe»-enco 5 in surface 
water, caused by schools of fish, currents, and plankton concenLratior>s. 

?I4 


These wou'd be detected by the differences in self-emission in the long wave 
infra-red. lOl) foot resolution could be attained over all ocean surfaces 
every 12 hours. Sensitivity of up to 0.002 degrees could be achieved. 

Market for such a service would be the country’s various fishing 
vessels In the United States, according to the 1976 Statistical Abstract 
of the US. This number had remained stable for several years prior, and 
would not be expected to change drastically over a subsequent period of 
years. 

In a survey taken by Oregon State University, the value of electronic 
equipment in fishing vessels generally was shown to range from a low of 0 - 
$500, to a high exceeding $5000. This would seem to imply a direct cor- 
relation with willingness to subscribe to a satellite fish forecasting 
system. 

Assuming little change in the number of craft, and taking the 
statistical input from the Oregon State survey, then up to 25.' of the 
vessels might be expocteo to participate if there weie $100 annual sub- 

I 

scnption fees for the service. With a subscription foe of $10 per year, 
up to 75?. of the vessels might participate. These foes would not include 
cost of equipment needed to receive the data - and the data may well be 
able to be received on existing equipment. 

Because of the high fee and resistance to change factors, assume 
10 years to market saturation tran initial service ’n 1905 for the best 
case; assume 5 years for the worst case, because of the low fee. 

Market revenue projections are given in Table 5-34 with a summary 
plot shown in figure 5-20. 

5.4 RESULTS OF MARKET/ RE VD.'UE ANALYSES IN ENERGY FOR UNITED STATES ONLY 

I 

5.4.1 Solar Po wer 

Two significantly different approaches have been taken to determine 
resultant benefits from solar power satellites. One, followed by Peter 
Glaser of Arthur D. Little, has assumed Solar Tower Satellites placed in 
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2010 637K 
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oonsvnrhrnnous orhit from earth-launched transportation methods. The other, 
followed by Gerard O'Neill of Princeton, nas assumed solar power satellites 
placed in geosynchronous orbit from manufacturing plants in space. Once in 
neosvnrhronous orbit, each system functions essentially the same: each 

collects solar energy, conve»'ts it, and subsegnently beams energy by 
microwave to ground stations on earth, after which the electricity is 
delivered via normal earth-bound transmission processes. 

Both start from the premises that by the end of this century, 
there will be a great need for power in the United States, and that with 
given resources there will not be enough power generating capacity to 
meet the demand. However, by using the resources of solar radiation in 
space, enough power can be generated to meet this need. 

This analysis takes the assumptions made by each (Glaser: 5 GM; 
O'Neill: 10 GW) and shows the resultant revenues from each system. The 
important difference in each calculation is that Glaser's system assumes 
a constant 27 mills/kwH, while O'Neills system starts at 11.5 mills/kwll 
and declines steadily after the first year. Because of different tech- 
niques,' there are also different numbers of solar power satellites in u;e 
at any given time. Results reflect an assumed 85% conversion factor at 
the ground-based rectenna. 

Market revenue projections for the G''ase** system are shown in 
Table 5-35. Revenue projections for the O'Neill system are shown in 
Table 5-36. A sumriry plot is given in Figure 5-21. 

5.4.2 Night Illuminato*’ 

Large area reflectors in space can reflect the image of the sun 
onto the earth. Such a night light - 10 to 100 times the brightness of 
the full moon on a clear night - can be used for many purposes. In 
agriculture it can provide' the necessary brightness for sowing and hirvestmg 
at night, when for example it's necessary to make up for days lost by 
inclement weather. ^I «1 construction, it can provide light in Arctic regions 
during the dark winter months, or can assist night-time construction of large, 
complex projects. And a space-based night light can be used to illuminate 
densely populated urban areas, in lieu of street lighting. 
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TABLE 5-35. REVENUE FROM SOLAR POWER 
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One of the first ccmmercial uses would likely be the illunirieticn 
of densely populated urban areas, since street lighting uses quite t bit 
of energy, and since the increased cost of energy places an increased tax 
burden on the city dwellers who benefit from the lighting. Further, densely 
populated cities can provide a good economic return from the lighting of a 
relatively small area. 


One important factor about the Night Illuminator is that it not 
only lights the strips of highways now illuminated by street lights, but 
also everything in between. There is very little focus^ig capability in 
a Night Illuminator: it covers a broad area, much as a near-Carth Moon 
might be seen by and illuminate a very broad area. 


This means that major urban areas of the country could be 
illuminated with up to 100 times as much light as conventional electrical 
means can provide, with a cost comparable to the cost of tha conventional 
means in densely populated areas. A major advantage in an energy-tight 
environment is that - once in place - it requires little energy to operpte. 
On the other hand, since its light covers such a broad area, it might be 
necessary to continue using conventional street lighting systems during 
part of the night - say from midnight to the mornitsg hours. There is 
therefore some questions as to the actual savings such a system could 
produce, since 60% of a city's street lighting bill is for such maintenance 
items as poles, fixtures, bulbs, and oeneral r*^pairs. Retaining the 
conventional system would mean sayings primarily in unused energy. 


At geosynchronous altitude, a reflector could illuminate an 
elliptical area roughly 20C miles x 300 miles. In practice this would 
mean simultaneous illuminate' on of several smaller states on the East 
roast, or partial illumination of a larger Western state. Cut since it 
would have a direct effect on budgets and activities of people in the 
states, very likely the matter would have to be voted approval before 
operation. Gaining approval of the various states coulo take a number 
of years - particularly since (visual) environmental considerations are 
at stake as w*>ll as economic connderations. However, if we consider that 
at 25 mills per kw-hr, the average cost per capita of outdoor street 
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lighting runs to approximately $1.64 for energy alone; and that this cost 
is roughly 40% of the total street lighting bill (for urban areas), and as 
energy costs rise in the mid-future to perhaps 40 mills then the totcl 
unaffected cost will^run somewhere between $4 and $6.50 annually per capita 
(urban areas). In less populated areas, this figure could run considerably 
higher on a per capita basis. 

But to win voter approval, a system such as this cannot preiise 
improved lighting at similar cost; it must demonstrate that overall cost 
to the voter will be reduced - even when such a small amount is at stake. 

If the night illuminator displaces only one-half the street lighting per 
night (dusk to midnight), then the average annual energy savings runs 
$.82 to $1.31 (25 mills to 40 mills), with little savings on maintenance or 
capital expenditures: new fixtures and poles will be needed in any case and 
the public works department must still keep the maintenance men in force - 

J 

although the bulbs will have a longer life before replacement. 

An additional benefactor might be industry, which spends a con- 
siderable amount on security lighting systems. One estimate gives industry's 
[lighting bill (for outdoor security) at 50% of the municipal bill, This 
would mean an additional energy savings of $.41 to $.65, or a total of 
$1.23 to 51.96, 

Thus we have two extreme situations. To save the most money, the 
system must replace all street lighting (including maintenance and capital 
expenditures) 100% of the time. Yet it would set-m difficult if not impossible 
to ever win voter approval for this. 

On the other hand, continuing some sort of night cycle elim’nates 
most of the potential savings since street lighting is needed anyway. A 
compromise might be effected whereby the night illuminator could be cut 
back to the intensity of a full moon or so after midnight, thus precluding 
the need for street lighting in smaller communities for the full night cycle, 
and 'cutfng back on the need for sc.me urban lighting. 

I Fnr fee assessment purposes, assume $1.50 per capita per year in 


the affected regions. Also assume thr . <ie first night light cemes into 
existencl? "in 1995 (delays due to voter approval requirements); that first 
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targets are the major urban corridors by population; that a new urban 

target is added each five years; and that lOOi of the people in the area 

1 

are assessed for the service. The following populatirn figures arc relevant 
with the figures in parenthesis indicating an approximate n-^r' capita area 
of the state assessed. 

Population and revenue figures. are ci.-en in TaMi* ^ si/ra.iry 

plot is shown in Figure 5-22. 

5.4.3 En ergy Mo n tor 

An enorQ 3 < monitor satoHite system would measure energy flow at a 
very large number of points along the distribution network This would 
allow improved power programming and fine tuning tbroun'i increased Knowledge 
of the energy status on the network. The technigue would be to ha* e small j 
L-Band transmitters send instantaneous current, voltage, or power readings 
at each given paint on the net, wnen queried sequentially by a multi -channel/ 
processing comnjmcatio.is repeater in geo-stationary orbit. 

But according to spokesnen at the Electric Power P.csearch Institute, 
the need foi an energy monitor by satellite appears now to be quite limited. 
Energy transmission is presently monitored constantly at the terminal, and 
it IS from the terminal that the oower is supplied and tuned. 

However, as with other techniques, the method of monitoring energy 
flo'*' might well change, given the advent of satellite technologic . Iii this 

case, as the national energy grid becomes more ana irore complex in inter- 

* 

connection, and as peak demand situations leave little excess capacity in 
the system, it becomes necessary to quickly react to rapidly changing supply 
O'- demand situations. For -instance, as with the New York blackout several 
years ago, unexpected drooping of a generator from the net might have adverse 
v.iplications fer a wide area affecting millions of people. 

So consider a monitor either at crucial junctions or at regular’-, 
placed intervals along the net For calculation purposes, assji-'e a Picasuin. | 
coil at the equivalent of every 10 miles on overhead transmission lines. A j 
discrete monitoring system (such as once per hour) would probably be u' 
little use in sudden change situations, so assume tho system can be ip-oi-- 
rogated virtually continually. The information transmitted is re^uively 









simple, so it could u^e a very narrow band, implying low cost: say $1 per 
coil per day fee. Now the system might be needed for large metropolitan 
regions only, or it might be useless unless it were integrated into the 
entire US net. This implies a use by roughly 502 to 100 \ of the trans- 
mission net, with a total in-service operational time requirement of perhaps 
5 years. Finally, assuming linear continuation of oast trends, 10,000 
circuit miles will be added each year. This is indicated in the Fifth 
Biennial Survey of Power Equipment Requirements. The service is tech- 
nologically available in 1990. 

Market revenue projecticns are given for best and worst cases 
in Table 5-38. A sunniary plot is shown in Figure 5-23. 

5.5 RESULTS OF MARKET/REVENUE ANALYSES FOR SELECTED PRODUCT^ IN 

UNITED STATES ONLY 

As discussed earlier, market analyses for product initiatives 
were substantially different in tnat more generalized assumptions were 
necessary due to the scope of the unknowns. As shown in the following 
sections, projected sales in generic nvirkets wore assessed for penetration 
by an improved product from space using least case/best case assimiptions. 

It is important to realize that these analyses were made in order to get 
some data on what the future potential might be. As this implies, the 
expected answer was anticipated to be nothing more than a "ballpark" number. 
Thus no claims are made relative to the viability of any specific 
product called out here. For purposes of program analyses (as discussed 
later) it is felt tnat the results of this market survev work is at least 
indicative of scale. The literature survey conducted during the compilation 
of candidates (discussed in Section 3) reflects a strong theoretical basis 
for improvements in all products specifically addressed here. With a suf- 
ficient reduction in launch costs to Low Earth Orbit (LEO), say $5 to $50 
per pound, it is quite probable that these market- projections sill (in the 
aggregate) prove much too conservative. 

5.5.1 Drugs and Pharmaceuticals 


The following data was used to extrapolate the total drug market 
and sale of new drugs in the 2000 tO 2010 tii'ie period. 
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Sales of New Druqs Drug Industry Shipments 

I97g7 • 1^ 198? 

$335(10®) $1700(10®) *' Slu.48 $238 

$1.78 Is approximately 102 of drug industry for 1980. 102 using ^ 

1990 forecast is $2.38. Assume total market only doubles by 2000 to $468 
then new drugs would be about S4.6B that year. 12 would thus be $46,000,000/ 
year sales or about twice Grumman urokinase projection for 1990. This estimate 
is probably much too conservative considering the reduced transportation and 
operating costs resulting from activities within those p**ograms where these 
products occur. Isoenzyme kit sales from BUS (GE) predict about $55M in 
sales for year 2000. Although it is purely arbitrary, it appears reasonable 
(given the data) to assume that, a minimum a S50M (1976 $) per year market 
will exist for D&P in 2000 A.D. unless no process proves viable.- The market 
for the various programs may then be assumed as multiples of 12 of the new 
D&P market. In the most aggressive future scena-i os/ programs it seems 
reasonable to assume tnat 252 of the new D&P market is captured by space 
processing in the 2000 to 2010 time period. That market projection amounts 
to about $1,15CM. 


5.5.2 


Semiconductor Electronic Materials 


Skylab experiments in crystal growing in zero-gravity have proved 
that it is possible to grow large crystals with a minimum number of im- 
perfections. This crystal -growing capability of the zero-gravity environment, 
plus the ability to fabricate very large thin films and produce high-purity 
mater-i-dls can tie added to the space capability of producing potential new 
semiconductors. 

Linear extrapolation of the curre.it semiconductor market growth 
rate projects a $12,700,000,000 market in 2000. Because of the very low 
density of such semiconductor materials as silicon and gallium, semiconductor 
materials have a very high cost per pound ranging from $250 to $500 per 
pound. The Year 2000 market equates to 250,000 to 500,000 pounds of silicon 
per year at that date. 

It appears ^uite likely that on-line semiconductor materials 
processing in orbit could begin as early as 1985 if early experiments prove 
out and improved products result as anticipated. An overly conservative 
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estimate would target space semiconductor material as capturing at least 
1% of the market which would grow from about $500,000 in 1985 to $1,270.000,00C 
by the year 2000. Earl^ 1985 - 1990 applications will be for high value 
electronics systems that will justify the high cost of early space-made 
semiconductor materials. 


5.5.3 


High Strength Magnets 


The capability to manufacture directiorally-solidified materials 
in orbital weightlessness holds promise of permitt'ng the space manufacture 
of cobalt/rare-earth (CORE) magnets. Such super magnets would possess very 
cohesive magnetic fit'^ds and would allow the construction of electrical 
equipment of reduced size and weight. 

The market for magnets indicates an acceptable price of $500 
per pound for high-quality magnetic materials. Even at a price of $750 
per pound in the late 1980 time period, the market for space -produced CORE 
magnets is estimated at $13, 700,000 per year with an 18-month nenetration 
to 1% of the market by about 1988. By the year 2000, the total market 
has grown to $20,000,000 on the low side and $100,000,000 on the high side. 

I 

Hard data on CORE magnetic material- produced in orbit may in- 
dicate improved performance capabilities that might tend to increase their 
market share. 


15.5.4 


Superconducting Materials 


A fine-particle superconductor material with transition temperature 
greater than the hydrogen liquefaction temperature could have substantial 
impact in electrical generation and transmission technology and economics. 

No estimate of the line losses which might be recouped by the use of 
superconaucting cables has ever been made . . . and perhaps cannot be made 
until more hard data is available. 

’ An identified use for liquid hydrogen superconductors of some 
interesT Has’ been located in direct current power generation and trans- 
mission. Such superconductors, if orbital experimentation in the early 
1930' s proves out, could possibly eliminate a substantial number of the power 
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transformers projected for use In the year 2000. The total annual market 
for power and distribution transformers U projected at: 


1976: 

$1,200,000,000 

1985: 

$2,376,000,000 

2000: 

$4,140,000,000 


The maximum revenue could be expected where superconductor costs 
approximately equalled replaced transformer costs and where gained efficiencies 
were the primary motivator. Maximum revenue also assumes that all added 
capacity in 2000 made use of liquid hydrogen superconductors. only 115 
Kv and 161 Kv systems were replaced, then about 62.22 or $2,592,000,000 would 
be rpiximum revenue. 

There is only promising theoretical data that would tend to support 
the possibility of manufacturing a liquid hydrogen temperature superconductor 
in orbital facilities. Hard data must come from experiments in the 1980's. 
However, even if highly speculative, the potential for this proouct suggests 
that efforts be made to obtain the hard data. The market for electrical 
equipment such as this is certainly bound to continue its growth pattern 
through the early years cf the following century. 

5.5.5 Fiber Optics 

A strong possibility exists for fabricating very high quality 
optical glasses in weightlessness. There is even Skylab and Apollo-Soyuz 
data that would indicate the probability of new and better types of optical 
materials formed in orbital facilities. If so, tbeir use in fiber optical 
systems could greatly improve the characteristics of these systems. 

Phenomenal annual growth rates in excess of 502 per year have been 
forecast for fiber optics systems. The fiber optics cable market alone is 
forecast as: 

1975: less than $1,000,000 

19,80: $35,000,000 

1990: $358,000,000 

2000: $2,100,000,000 (assuming slower growth rate in the 
I X 1990-2000 decade. ) 
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If improved fiber optical materials can be fabricated in orbit, 
a nere IX penetration of the 1990 market would be $3,580,000 growing to 
$21,000,000 in 2000. A lOX penetration ($210,000,000) by the year 2000 was 
assumed in most scenarios. 

I 

5.5.6 Hetallics 

Research experiments already conducted in the Apollo flights, 

Skylab, and the Apollo-Soyuz mission indicate that the weightless or zero- 
gravity conditions of earth orbital space may permit the fabrication of 
totally new types of alloys that cannot be made in the one-gravity environ- 
ment of the earth's surface. The data is encouraging. Experimentation 
continues utilizing the several minutes of zero-g available during special 
vertical rocket flights. Shuttle-SpaceLab flights starting in 1981 will 
permit researchers to accompany their experiments into space. Most of the 
alloys under consideration are in the family of tinnisciblc materials, high- 
punty materials, and directional ly-sol idified materials, ftatcrials that 
will not mix under one-gravity conditions because of density differences 
can be made to mix. it is believed, in weightlessness. The zero-gravity 
conditions of orbital flight will also permit the fabrication of high-punty 
materials made without coming into contact with any container. Directionally- 
solidified. 

Three products in this area were examined as representative 
potentials: perishable cutting tools, bearing materials, and jewelry. 

5.5.7 Perishable Cutting Tool s - 

Good perishable cutting tools (PCT's) exhibit the sort of cost 

I 

characteristics amenable to consideration for space processing -- $200 to 
$500 per pound. Generally, the harder the PCT material, the higher the 
cost. A tool made of a harder alloy manufactured in orbit and having longer 
life and/or a faster cutting speed would have a market at e competitive 
price. When down-time and lost oroduction costs are also considered, 
especially in plants using an increasing amount of numerically-controlled 
machines, costs appear to be even more competitive for space-made cutting 
tool alloys. 
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The aiarket for space-produced PCX's Is strongly sensitive to 
transportation ‘costs and to the degree of. Improvement of physical properties 
attainable through orbital manufacturing. 

Hard physical data on such FCT alloys is not yet available. But 
the potential market Indicates that this product area is one that should 
be subjected to further R&D to obtain such data. 

The existing and projected PCX market Is: 

1975: $1,040,000,000 

1985: $2,600,000,000 

2000: $b.oj0,000,000 

Carbide toois .-epresent about 50'S of this market. 

A small impiC'/ement In PCX hardness, lifetime, or cutting speed 
would certainly be expected to capture at least S% of this total market 
within twenty years. PCX's with the highest performance now hold 5‘Z of the 
total market. With the anticipated reduction in transportation cost«; 
possible after 1990, the maximum market penetration by the year 2000 could 
possibly attain 50% of the total market. A reasonable worst case and best 
case figure for the market for space-produced PCX's in 2000 would be 
$280,000,000 to $2,800,000,000. 

Although hard data is not yet ih hand, this product area appears 
even more attractive because of the possibility that minimal, unmanned, 
automated orbital production facilities could be built, requiring only 
occasional visits to remove the completed product, make adjustments and 
repairs, and re-stock the raw material supplies. 


5.5.8 New Bearing Materials 

Wear is perhaps the greatest bearing problem. Balls, rollers, 
races, and inserts are the 'terns subjected to wear. Additional desired 
bearing material characteristics are corrosion resistance; very low creep, 
high temperature capability, and lubricity. 

Initial experiments in alloying metals in orbit and the potential 
capability for producing directionally-solidified materials offer promise 
of new and improved bearings. 



It is very early yet to say what the outcome of projected ex- 
periments in this area might be. 

However, the total market projections for ball and roller 
bearings are <is follows: 

O 

1976: $2,375,000,000 

1985: $4,620,000,000 

2000: $6,900,000,000 

If pi'ojected experiments yield affirmative data, the best market 
projections that can be made at this tune is an assumpt.on cT capturing 
from 1?,'. to lOv of the market, giving gross revenues of space-manufactured 
bearing materials in 2000 of $69,000,000 to $690,000,000. 


5.5.9 


Jewelry 


Every trade route in Europe and Asia was estriol ished to fulfil a 
market desire for a luxury -- silk, inyhrr, ambergris, amber, to name but 
a few. Luxury items can command an arbitrarily high value dependent to 
some extent upon the scarcity of the item. 

The glamor and retained assurance of value will continue to make 
jewelry and precious metals items that are marketable. 

There appear to be alloys that can be made in space that cannot 
be made on Earth because of the space conditions of zero-gravity, high 
vacuum, and wide temperature ranges. These alloys do not have to possess 
beauty or utility. Nor do they have to have exceptional physical characteris- 
tics. They must be unique, special, readily identified, and scarce. 

The projected total market for jewelry is: 

1975: $1,540,000,000 
1976: $1,720,000,000 
1985: $3,470,000,000 
2000: $5,220,000,000 

The glamour and uniqueness of a piece of jewelry made from a 
space alloy could capture from K. to 10" of the 2009 market, giving a market 
of $52,200,000 to $522,000,000 Such je.^clry coulu be an early space ■ 


product because of Its high value per unit weight and small i -.y 
of the 1985 market would amount to $34,700,000. 

V 

5.5.10 Cumulative Revenue for Products 
1 

The cumulative revenues anticipated over the tive uVO 

to ?010for all products surveyed are given In Table 5 39 ..r. 

the estimate of total market cumulative in the same time ’jencd ;-rr •-hp assiwia^ 
penetrations a« a percent of annual market in 1990 anc 'r r ..-I'ctive 

Space Segment Is then the Integral of all captured mrtrkpi tpe 

time period. 

I 

In all cases where non-zero percentages oci.'.r 
assumed that a shuttle derivative launch vehicle .vun pi ’, .."s L(, ■ £u 

of $100 to $159 will become available about 1987. All < ■. 

assume the cost goals mentioned earlie»* ($5 to $50 per 
achieved in the 1990s. 

5.6 RESULTS OF HARKET/REVENUE ANALYSES FOR PtUM $ In ’I 'E-: 

To the technologist who has suffered the age .i.i i.-i’ i-iti. 

keeping one, two or three people alive and well in spe.z ;.i .*e-i of 
providing life support for hundreds or thousands is sonei 'i.ves >• .-.rgeet ,r 
The results of this study indicate, however, that space •• a ■ '’e.io'. vill 

bring the world t® that very situation. Economics will Jeircn,. arch e-cnomi- 
cal access and maximum practical stay times for the wr/.-'k crev. GrCc 
low cost access has been achieved, those industries relattci U. i.ir?:^i;n 
and entertainment for people in space will undoubteoly e.Mr.'ir 

The market analyses presented here were condu.i-.-‘. G- inc 

the revenue potentials relative to the other three indusLi/ 

The scale of these revenue potentials is a direct function of wee 
of transportation and habitation assumed, as reflected O' tin. j 
Even at very low cost ($25/pound or less to LEO) ond hig.i i .',e 

it does not appear that these activities will be revenue ■ <■„ 

the scale of the other industry initiatives. The importance tr .-.c 
impact of People in Space should not be underestinidted, howo'-ri '.cied ..n 
the revenue potential. ' ' 



/ 


TABLE 5-39. CUMULATIVE REVENUES FOR PRODUCTS 


" ' T : ! 

PRC5DUCT 

CUMULATIVE 
TOTAL 
MARKET 
(IN 109S) 

PENETRATION 
(1990 - 2010) 

CUMULATIVE 
SPACE 
SEGMENT 
(IN 109S) 

DRUGS & PHARMACEUTICALS 




New Drugs 

S 92B 

1%, 1C% 

S 6.4B 



1%, 25% 

15.4 

ELECTRONICS 




Semiconductors 

254 5 

1 2%. 2% 

33 


- 

1/2%, 10'/o 

17 5 

ELECTRICALS 




Magnets (w/ Electric Cars) 

- 200 

1%, 2% 

3 7 



1%, 10% 

17.3 

Magnets (v//o Electric Cars) 

20 

1% 2% 

03 

- 


1%. 10“o 

1 3 

Superconductors 




Mkt for Power Transformers 

83 



Power Trans. & LH 2 S iper 




Conductor 

47 8 

» 

16 5 

OPTICA LS 




Fiber Optics 

42 

1/2%. 2% 

08 



1/2%, lO*'. 

3.9 

structural MATERIALS 




Panshable Cutting T ools 

112 

0. 5% 

3 8 



0. 50% 

33 0 

Bearings 

! 

0, 2% 

1 7 

■ 


0, 10% 

84 

Jewelry 

1044 

1/2%. 2% 

1 3 



1/2%. 10% 

66 


No penetrat'on m 1990 In 2010 superconductors are in 1 15 KV and 161 KV systems, 
representing 52 2% of total market, at 50% value of replaced transformers 













The possibility of personal involvement in space has intrigued 
people (the youhg in particular) for several decades, with periodic heightenin 
evidenced by popular press, movies, etc. This intrigue ’cd to advocacy 
groups (spurred bv individuals) which seizeo opportunity in the thirties 
and again in the fifties. Each step broughtthest advocates closer to their 
own personal dreams of the first hand experience. Tr.<=> technological and 
economic indicators examined in this study show thet the cjrrent generations 
under age forty will be the first to realize the ful .'illr-ei t of that 
dream on a large scale. This is not going to be overlooked, especially with 
the attention' anticipated as a result of space shuttle orbital .'light testing. 


5.6.1 


Space Tourism 


As long as launch-to-orbit costs remain on the oroor of $150 to 
$300 per pound, there will be few tourists to orbit. For instance, a cost 
of $150 per pound gives a prohibitive per person cosr of $26,250 (assummc 
175 pounds per person to oroit). This cost precludes the develoi^'ient of any 
mass tourist market. When cost of delivery to orbit reaches $25 pe*' pound, 
that will mark the beginning of volume traffic. For this i.cuic place tiie 
average ticket price at roughly $4000 - comparable to a nrese^'t-dey “.o»id 
cruise. Tnis could occur between 1990 and 2000. 

As costs decline, the market for tounscs to space will be roughly 
as price-sensitive as the tourist market on earth. That is, volume of 
traffic will increase as price per pouno (i.e., total ticket price) declines. 
Tnis means that relatively large numbers of tourists in space will require 
a launch vehicle other than the Shuttle ... a DC-3 of space, for instance, 
which can carry 20 to 30 people to orbit per flight, or a payload of 5000 
to 8000 pounds. For economy and simplicity of operation, the vehicle could 
be single stage to orbit, vertical takeoff/honzontal landing, with a gross 
liftoff weight of 400,000 pounds. 

A follow-on vehicle could lower cost of transportation to around 
$5 per pour’d - giving a ticket price of less than 51000. Such a vehicle 
would carry 500 passengers per flight, with two flights per week, at an 
average payload of 87,500 pounds. . 










A^best case situation for space tourism assumes that the market 
does not grow gradually, but is sufficiently well promoted in advance of the 
entry date of lower priced transport that all seats are filled on every - 
flight (1002 lend factor).. An example of this situation is given in Table 
5-40 (best case), with cost of transport declining from $200 in 1932 to 
$5 per pound in 2000.' Concurrently, annual passenger volupe increases from 
50 in 1982 to 50,000 in 2000. 

A worst case situation, shown in Table 5-41 ^Least Case), shows 
a gradual -ncrease in passenger volume, starting in the year 1990 with costs 
at $25/lb, and with costs declining to $10, lb in 2000, and to S5/lb in 2010. 

A summary plot is shown in Tiguie 5-24. 

5.6.2 Sna cc Hot el 

Several studies have sliown that i' 1500 to 10000 person capacity 
hotel in LEO can profit at a per person-day charge of $30 to $100. This o^ 
course depends on the nature of tlie hoti I and the number of persons traveling 
to orbit. For without a relatively inexpensiye place to stay (say less 
thar $1000 per person-dov), there would likely not be a siqirficant number of 
people traveling to orbit. Yet without a sigir. Ticant number of tourists 
travel mo to orbit, there is no economic justification for a sp.ice hotel. 

One driver of numbers of people (tourists) to LEO is the cost of 
transport. As this cost goes down, more and more people would be willing to 
take an orbital trip, oven without an orbital facility to provide long term 
comforts. As a first step in the tourist to space process, we would likely 
see provisions for st,iys in orbit of up to several days in the transport 
vehicle itself. 

1 

In one transport scenario, as cosr goes down from $25/ lb to $5/lb, 
number of passengers increases from 5000 per year to 50000 per year. If we 
assume uii average one week per person stay, then this implies a need for 
a 100 person capacity hotel with 5000 people per year; and a 1000 person 
capacity hotnl w’th 50000 per year. Any hotel smaller than 100 person 
capacity would scorn to be both too small for extended tourist stays, and 
unoconomicol in terms of the charge per person day. 



TABLE 5-40. REVENUE FROM SPACE TOURISM (BEST CASE) 
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5-41. REVENUE BY YEAR FROM SPACE TOURISM (LEAST CASE) 



S/lb 

Passengers 

Total VVulglit 


Revenue 

1980 

400 

— 

(2001b) — - 


--- 

1981 

400 

— 

— 


— 

1982 

400 

— 

— 


— 

1983 

400 

— 

— 


— 

1984 

400 

— 



— 

1985 

100 : 

— 

— 


— 

19UG 

400 

— 

— 


— 

1987 

400 

— 

— 


— 

1988 

400 

— 

— 


— 

1909 

400 

— 

— 


— 

1990 

25 

100 

2 OK 


500K 

1991 

25 

250 

5 OK 


IM 

1992 

25 

500 

10 OK 


2M 

1993 

25 

1000 

20 OK 


5N4 

1994 

25 

2000 

40 OK 


lOM 

1995 

25 

3000 

600K 


15M 

1996 

25 

4000 

HOOK 


20M 

1997 

25 

4500 

90 OK 


22M 

1998 

25 

5000 

lOOOK 


25M 

1999 

25 

5500 

1 lOOK 


27 M 

200C 

10 

6500 

1300K 


13M 

20UI 

10 

7500 

1500K 


15M 

2002 

10 

9000 

1800K 


18M 

2003 

10 

1 1000 

2200K 


22M 

2004 

2005 

10 

13000 

2600K 


26M 

10 

15000 

3000K 


30M 

2006 

10 

17000 

3400K 


34N4 

2007 

10 

19000 

3 HOOK 


38M 

2008 

10 

21000 

4200K 


4 2M 

2009 

10 

22000 

440 OK 


14M 

2010 

5 

73000 

4600K 


2 2M 

2011 

5 

25000 

SOfiOK 


25M 

2012 

5 

27000 

5400K 


27M 

2013 

5 

30000 

6000K 


30M 

2014 

5 

33000 

6600K 

2 

» 

31M 








As a possible scenario, then, assume the traffic model given 
in the Least Case and Best Case of Space Tourism (Market Potential). Then 
assume that 75% of those traveling to LEO will stay in a hotel an average 
of one week. Cost to the 100 person hotel will be $500 per person day 
(average 3500 per week, compared to approximately $5000 for the flight 
at $25 per pound). As occupancy pushes 100%, assume new modules are added 
on to meet the need. In the Best Case, in which there are quantum jumps 
of people tc orbit, assume a 100 person hotel in 1995, followed discretely 
by a 1000 person hotel as the capacity is warranted (2000). Cost per day 
at the 1000 person hotel would be $200 per oay - roughly twice the cost of 
staying at an expensive Hilton on Earth. In the Least Case, assume cost 
per person day drops $25 each year as increasing volume warrant expansion, 
and to attract the increased volume. 

Market revenue projections for best case and v!/orst case are given 
in Table 5-42. 

5.6.3 Entertainment 

Entertainment in orbit will need two elements before it can be 
economically successful: a place' to entertain, and people to entertain. 
Professional entertainment in orbit must await an in-orbit facility for 
housing large numbers of people. It is unlikely that professional entertain 
ment could be afforded before a significant number of people were in place 
to view the entertainment. Before large numbers of people, we could likely 
assume that the workers in orbit would find ways of entertaining themselves. 
But this would produce little or no revenue. 

Assume therefore a direct tie in of entertainment with emplacement 
of orbital hotel facilities. Revenue could come from tv;o sources: paying 
guests and television royalties. There are several policies on paying 
guests which could be followed: any^ activities outside the rental of a 
room could be considered an extra charge - to offset the high cost of 
transportation. On the other hand, when a guest pays upwards of $500 per 
day for a hotel room - no matter where it is - he expects something more 
than just a room. For the purpose of this analysis, then, assume that 
until tne space hotel is large enough to house 1000 people (concomitantly 



TABLE 5-42. REVENUE FROM SPACE HOTEL 
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bringing the cost per day down to $200 or less), that entertainment in 
orbit will be an added inducement for people to stay at the space hotel. 
However ,v we can assume that television royalties could help pay for trans- 
portation and other fees for the entertainers. 

As one®*ay of viewing the situation then let's assume that in the 
space hotel (Least Case) the only direct revenue is from TV royalties, and 
that for the first five years or so, a network pays $1H for the rights to one 
or two exclusive videotapings per year. Since there will be relatively few 
people involved in the entertainment (which could consist of dancing, 
acrobatics, stage shows, magic, etc.), there would not likely be as much 
on-going interest as in a sports spectacular when many peop.e are involved. 
After the fifth year, we might assume a live show put on weekly or bi-weekly 
from orbit. The fee might be reduced on a per week basis to a number such 
as $100,000 per week for the right to produce, but could result in increased 
revenue to the space facility. 

A similar situation would hold for the space hotel (Best Case), 
except that in the fifth year we would have a 1000 person capacity hotel. 

At this point, prices would be sufficiently low ($200 .per day) to begin 
charging admission - or applying a certain portion from over-priced ^ 
refreshments to revenue for the entertainment. Assume then that $10 
per person revenue is derived from each hotel guest (Best Case) for entertain- 
ment once the 1000 person facility is in place, in addition to the above- 
mentioned TV royalties. 

Market revenue projections for best case and worst case are given 
in Table 5-43. A summary plot is shown in Figure 5-25. 


5.6.4 


Movies 


Technologically available in 1985, movies produced in space j 

would represent a gualitv improvanent over Cilms of the same genre produced 
at earth-bound movie sets. 

While It would be technologically feasible to produce at least parts 
of mov^■es in space by 1985, using the Shuttle, economic factors might delay 
entry until cost of transport were significantly reduced. Typically, a film 



TABLE 5-43. REVENUE FROM SPACE ENTERTAINMENT 
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must gross 2 1/2 ti*nes its cost of production to_ break even. With a single 
Shuttle flight costing roughly $20 million, to say nothing of other costs, 
the film produced using the Shuttle would have to gross $50 million to 
break even. Yet only the top few revenue producers in all movie history 
have ever grossed that^amount. Anticipated vehicle developments by 1990 
might allcv/ sufficiently reduced cost to motivate the investment. But 
the chief operative factor here is that unless it is economically advantageous 
to produce the film in space, producers will use the craftsmanship of earth- 
based set makers - who produced excellent simulations in the movies 2001 
and Star Wars . Aside from minor film clips of earth from space, therefore, 
assume a high delay barrier entry for major film production in space of 10 
years. 

End user of this product would be the average movie goer - who 
spends anywhere from $3 to $5 per ticket. This price may inflate somewhat, 
but should not contribute significantly to overly large revenues. Primary 
market would be the United States - an advanced society. The product would 
satisfy an advanced need - entertainment. This means it is selling into 
an uncertain market which is dependent on a number of factors over and above 
anticipated population levels, final acceptance of each movie is dependent 
on many factors over and above production in space. Therefore only an 
average revenue per film can be assumed. 


While it does not make sense to speak of a level of saturation, 

it is useful to assess the likely number of films to be produced over the 

/ 

given period. Currently, 150-200 of all types of films are produced per 
year. This is down by about 50% from several decades ago. About half of 
these are produced by major film companies. Of these, very few are of the 
science fiction or future science genre. Typically, one maj'or science 
fiction film has been produced every five years, over the last twenty 
years or so. This includes such films as Destination Moon . 2001 , anci Star 
Wars . In the Future, as space becomes more a domain of normal workings, 
there may be more films on the subject. For this analysis, assume 2 minor 
films per year (as TV gross $5 million), and one niajor film every five 
years (gross $20 million) the first ten years. As cost of transportation 
decline, the number of films produced will rise. Therefore over the next five 
years, assume three minor films per year, and two major 


Market Revenue projections are given in Table 5-44, and a sunmary 
plot is shown in Figure 5-26. 


5.6.5 


Enterta i n.Tient/Sports 


Like standard evening entertainment in orbit, sports entertainment 
in orbit must await a place in which to entertain, and p?opl? to entertain 
witn the sport. Further, because of the uniqueness of the environnic'’t, 
and because sport techniques are shaped very much by tht environment, it 
would take quite a bit of experimenting before a sport was cefined which 
would be sufficiently unique yet suitable to the environment of space 
that professional teams would participate. That is, while there could be - 
a good deal of sport and play activity in an orbital facility by the guests, 
some time would elapse after emplacement of the facility before any on-goir.g 
revenue-producing situation would be defined. 

Assume there would be insufficient volume in a 100 person capacity 
hotel for any revenue producing sport, but that a 1000 oersoii hotel could 
sustain a sport equivalent to tennis or jai-lai. While the hotel would be 
considered an environment - just as /ispen or Forest Hills is an environment - 
still to make best use of the uniqueness of the environnient, a number of 

I 

professionals would have to spend a considerable amount of time practicing ^ 
in the space hotel facility before there could be any wortliwhile matches. 

Even then, it would seem that, like soccer in this country, spectutor 
enthusiasm might grow slowly at best, particularly considering the spectators' 
unfamil iarity with the environment. Must sport would likely be classed as 
entertainment at first, rather than sport per se, and would be viewed with 
interest on an occasional basis only. 

Consider then that sport is practiced only after a 1000 person 
facility is in place, and that at least five years must elapse before any 
professionals would attempt the circuit Then likely revenue sources would 
be admission,- and TV royalties. 

Assume twp major events per year the first five yea*'s of professional 
sports, with TV royalties of SIM per event, and admission charte of $50 per j 
person. 
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Figure 5-26. Soace Mi 




YEAR 


Rpvenue by Year 



(Least Case) 

'Jo revenue before 2010 
(Best Case) 

Population/week 

2005 721 

2010 


Total 

Admsslon fee Revenue TV Royalties ' Revenue 
$5C (x2) $72K $2M $2,1H 

$2.1M 


5.7 RESULTS OF CURSORY INTERNATIONAL MARKET/REVENUE ANALYSES 

Potential international narkets were analyzed and associated 
revenues estimated for several industry opportunities. Specifically examined 
were Portable Telephone, Electronic Hail, Ocean Resources and Solar Power, 

The objective was to obtain some informution indicative of these pitential 
markets for comparison to the United States. The lack of both a good 
numerical data base and personal insight by the investigator makes thete 
examinations more uncertain. The assumptions required by the methooology 

t-oil.c. ’•ather heavily on both sources. 

The assumptions made and data used in the market/revenue arioi/ti: 
seemed to yield very reisonable results. Inaccuracies will most probably 
lean toward the cc se-vative side, underestimating the true market potential. 
A considerable amount of work remains to be done to get a better estimate 
of these markets as well as obtain insight into many others. 

5.7.1 Portable Telephone (International) 

As indicated in the domestic analysis, this communication device 
would allow citizens to communicatz direct person-to-person through a 
multi-channel switching sateMite, and the user can call and be called ♦'rom 
any location. Such a system could be available technologically in 1985. 

Portable telephones satisfy needs ranging from .'undamental to 
oeripheral. The need for on-the-spot communcations in business and 
professional activities is evidenced by the rapid growth _(m the US) of 
pocket pagers. Satisfaction of mor-? peripheral needs is evidenceo by the 
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rapid growth (in the US) of CB radios. This implies a widespread use of 
portable telephones, with a wide spread of needs being met by the device. 

To determine how many of these potential users would be actual 
users, what revenues they would generate through unit sales and call fees, 
and the time phasing of the revenues, several assumptions have been made. 

It IS assumed that the primary market is Europe - using present day population 
figures are assumptions concerning the user universe (calculators as an 
example) and market saturation (ustno the telephone as an aiiw’ogy). 

At the higher price levels, the unive»se of u‘.ers/bu> ei s would 
likely be limited to professionil and businessmen. This is precisely what 
happeneo with calculators and paoers: lor 2 to b years, the mat keting 
approach was toward the professional and businessman. As costs ileclined 
and these markets becai.e satliralod, the overall nwirket was expanded to the 
entire impulation - resulting in the present situation of sophistuated 
electronic devices being punhised by sthool children. Thus the potential 
universe of buyers will bo assumed to include the entiie population of 
Europe age 16 and over, over the course of the prcdiict’s life. 

in l‘^73, there were HS.'l million phones in the majoi countries 
of Europe, serving a population of roughly ,118.4 million. This implies a 
35'T saturation of market of conn'uinications instruments can he aitam.'d 
further, during the period 1970-1973, nhones were being added at the ap- 
proxinule rate of 1. per year. This implies a growing market. However, 
since the competing fonii of coiu'umi cat ions is in place, suite other foniis 
of comrnniication will lie needed to carry Iransmi ssioiij othei than toice; 
and since improved tec'’Miquos such as optical fibers may va'-tly improve 
reception gualit> of iii-placc units - whuh themselves iiuy te I'lade Tobile 
once broad-hand transmission is imide available - then the ultimate saturation 
of portable telephones may ideally re.u h 10‘ ot the potential universe of 
buyers in the assumed period { 19‘’f>-.'010) . A lower band could be 1 overall. 
Since Europe is ntide u(> of numerous political units, some countt les nav 
choose not to allow portatile teli’i'hones - still giving a 10 to maiket 

I'Otential in tliose countries tli.it do, Init bringimi down the oveiall .•oteiUwil 
for all fill ope. 


Analogous products would be the telephone, hand calculators, 
digital watches, an'd CB radio. Calculators, when first introdi'ced, were 
priced In the neighborhood of S35G (to the end user). Similar functioning 
calculators can now be purchased for $10 to $30 - although addition of 
features has kept the price spread between $10 and $300. Average low 
selling price may be assimed to be around $30. Digital watches originally 
sold for $100 to $300, but are now selling in the neighborhood of $20 to 
i$100, witn higher quality watches remaining the higher price brackets. CB 
radios are following a similar pricing trend. We may therefore assume an 
average price spread of $.100 down to $30, from first sale to the average 
price near market' saturation. 

Political and financial roadblocks may give a delay of up to 10 
years before implementation. Not only are there preceoent setting celays 
in the establishment of international communications systems (ref: marine 
and aeronautical cormiuni'‘ations) , but in E .'ope, the phone companies are 
owned and operated by the State. A portable telephone system \yould bypass 
the middleman (the State), hence pose difficulties in the transition period. 
Further, many new frequency bands would have to be allocated, requiring 
either extensive restructuring of the existing frequency allocation system, 
or opening new channels. 

the product has a comparable to lower price than existing person- 
to-person communication methods; is much more flexible in use; and requires 
little change of method by the end user. However, resistance to change 
by competing products implies some stretchout. It should be noted that the 
portable telephone will likely be a supplemental device, rather than a 
replacement device. Assume a Medium stretchout (5 years) before growth 
phase. 

The product appears to be analogous to calculators, digital watches 
and color television in favora.ble reception by the end user. While the 
number of people ultimately desiring the product may be high, the complexity 
of producing such a large volume and then making such a complex system 
operational may imply a moderate track (20 years) to ultimate saturation. 

This is in line with the saturation rate of color televisions. 
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With ideal saturation coming in 20 years, and a medium stretchout 
from resistance to change factors, lOI. of the saturation level will cone in 
11 years after entry (305 (20 years) *■ 5 years). The final lOi will take 
6 years. 

Population assumptions are derived from the UN Statistics Yearbook 
(1974), with the proportion of 16 and over (75 ) coming from the Series II 
US projected population (Ocpt. or Conmiorce). 

Final 1v, while product lifetime can be high,’ the product appears 
to have a high potential for incremental marketing improvcwnts, similar to 
calculators and ^CB radios. This implies a high (10 ) replacenent level. 

The following tables are applicable to this analysis: 

Table 5-45 shows the number of telephones in each country. 

Taule 5-46 shows uiit sales and cumulative sales as a function 
of population. 

Table 5-47 shows replacement sales and resultant total sales 
.lints. 

Table 5-48 shows best cise and worst case 5 sales Irovenucs). 

Table 5-40 shows average monthly bill as a function of calls 
per person per day. 


5.7 .’ 


mcctronic Mail ( Intci aat ional ) 


In many European countries, the mail is handled quite efficiently. 
Though the cost niay be somewhat more than in the US. delivery times are 
typically quite short. One reason for this could be the smaller areas over 
which the European postal services must deliver. In any case, it does not 
seem likely that an already efficient system would invest large amounts to 
provide somewhat better delivery tune - as would be the case with electronic 
ma i I . 

On the other hand, countries of great expanse and less efficient 
services could p ofit from an electronic iiviil service. For the purpose of 
this analysis, we will t«ikc five countries of varying stages of development, 
assume a constant set of base conditJons, and show a potential range of 
markets in each. Iho five countries will be: 



TABLE 5-45 




TABLE 5-46 




TABLP 5-47 
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TABLE 5-48. 


(Best Case) 

16. Unit sales 

Cost/unit 

S sales 

Calls At 

Cost^call 

Cell sales 

1995 

.3M 

5300 

S90r 

29M 

53.00 

$87. 6M 

1996 

.3 

220 

66 

109 

2.20 

’ 240 

1997 

.3 

180 

54 

182 

1 .80 

328 

1995 

3 

160 

48 

292 

1.60 

467 

1999 

4 

143 

57 

438 

1 43 

626 

200u 

.3 

131 

39 

584 

1.31 

765 

2001 

.4 

122 

49 

803 

1.22 

980 

2002 

.4 

116 

46 

1131 

1.16 

1312 

200? 

.3 

109 

33 

1350 

1 .09 

1471 

2P04 

4 

03 

4i ' 

1642 

1.03 

1691 

2005 

3 

98 

29 

19.14 

.98 

1895 

2006 

4.S 

70 

336 

4270 

70 

2989 

2007 

S 1 

96 

286 

6825 

.56 

3822 

2005 

5.'6 

48 

269 

9745 

.48 

4676 

2009 

6.0 

43 

258 

12957 

.43 

5571 

2010 

6.5 

39 

253 

16498 

.39 

6434 


(Leas 

t Case) 





Unit S Sates 

I 

Call Sales 



1995 

59 OM 

58 8M 



199i 

6.6 

24 0 


. 

1997 

5.4 

32 8 



1998 

4.8 

46 7 



1999 

5.7 

62 C 



2003 

3.9 

76.5 



2001 

4.9 

98.0 



2002 

4 6 

131 2 


■ 

2003 

3.3 

147 1 



2004 

4.1 

109.1 



2005 

2.9 

189 5 



2006 

33 6 

298.9 



2007 

28 6 

362 2 



200S 

26.9 

467 8 



201’® 

25 8 

557.1 



2010 

■J 

25 3 

643 1 

- ■ ' 

t 




i 



TABLE 5-49 


ASSUMED RATE OF CALLS . 


Ca Ils/Person/Day 


1995 

.25 

1996 

.40 

1997 

.5 

1998 

.6 

1999 

.7 

2 jD 00 

,8 

2001 

.9 

2002 

1.1 

2003 

1.2 

2004 

1.3 

2005 

1.4 

2006 

1.5 

2007 

1.6 

2008 

1.7 

2009 

1.8 

2010 

1.9 


Ave.age Monthly dill 

$ 22.50 

26.40 

27.00 

28.80 

30.03 

31.44 

32.94 

38.28 

39.24 

40.17 

41.16 

31.50 

26.88 

24.48 

23.22 

22.23 



Braz i 1 

Indonesia 

India 

Canada 

Japan 

Each has an extensive area to contend with, though mall volumes 
vary greatly - from 149 million pieces per year in Indonesia to 13 billion 
p1e.es per year in Japan. While mall volume in Brazil, Canada and Japan Is 
increasing at 3 to 62 per year, volume in Indonesia and India Is steady - 
perhaps reflecting both an econonlc malaise and an Inefficient system not 
conducive to letter writing. Though volume may be holding steady now, 
the assumption will be that if and when a satellite service is initiated 
In India and Indonesia, the state of the economy and the efficiency of the 
mall system will have improved to a point where they will have mall volume 
increases of rouohly 37. per year. 

The basic 1975 volumes and annual rates of increase are as follows: 


Brazil 

Indonesia 

India 

Canada 

Japan 

(US 


627M 

149M 

6700M 

5000M 

13100(1 

87700M 


300M 

5001 ^ 

2000H 


Each country will be assumed to have a 32 growth rate in mall 
volume by the time of Initiation of satellite mail. 

In analyzing this satellite service, we will use the following 
assumptions. 

0 As with the US, 602 of all mall volume is first class, henct 
amenable to transmission via satellite. 

8 Fifty percent of che mail volume is between major. population 
centers, hence is most likely to be involved in an electronic 
mail service. 

0 Transmission charge per sheet will be 10 cents, with an average 
of 2 sheets per letter. 

0 102 of major, city mail volume to 502 of all nail volume will 

use the service (first class). 

e Saturation in each country will be reached in 10 years. 





0 Electronic mail service In the US could be operational 
by 1990. Wb can assume service for other nations could 
start at roughly the same time^ and that there's an equal 
\probabil1ty of starting before the US as after. Thus 
we assume all service begin In 1990. 

Tables 5 50<,tnrough 5-54 Indicate the respective potential revenues 
from such a service In Brazil, India, Indonesia, Canada, and Japan. 


5.7.3 Ocean Resources (International) 

In the years 1938 to 1968, the World's fish cctch increased con- 
siderably. 

Fish Catch in Top Ter Countries (million metric tons ) 


1 

1938 

• 1948 

1958 

1968 

Peru 

.02 

.08 

.6 

10.5 

Japan 

3.7 

2.5 

5,2 

8.7 

China 

— 

— 

3.3 

5.8 

USSR 

1.5 

1.5 

2.6 

6.1 

•Norway 

1.1 

1.4 

1.8 

2.8 

US 

2.3 

2.4 

2.8 

2.4 

Canada 

.8 

1.1 

1.0 

1.5 

India 

— 

— 

1.1 

1.5 

Spain 

.4 

.5 

.8 

1.5 

S. Africa 

.1 

.2 

.6 

2.2 

World Total 

21 

20 

31.7 

64.3 


Of this, 6/7 Is ocean caught, the remainder Is fresn water fish. 

Much of the Increase in the last decade has likely been due to 
the use of sophisticated electronic gear for detecting schools of fish. 


As a rough aporoximatlon, assume the average catch is valued at 
$200 per metric ton, or lOi per pound. One measure of propensity to pay 
for an ocean resources service would be the value of the catch involved. 


One way of efficiently mapping this resource Is to use a satellite 
to measure temperature and emisslvlty differences in surface water, caused 
bv schools of fish, currents, and plankton concentrations. These would be 
detected by the differences In self-emission In the long-wave infra-red. 

100 foot resolution could be attained over all ocean surfaces every 12 hours. 
Sensitivity of up to 0.C02 degrees could be achieved. 
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TABLE 5-50. 

INTERNATIOriAt -REVENUE FROM 'ELECTRONIC MAIL 
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TABLE 5-52 




(Canada) 

1st class User Least case Best case 

Bose volum** sheets Sat ur ation mall Cost revenue revenue 

1990 7790M 9348M 3.3%(IO«.) 30. 8M 10^* -$3-.TM $30. BM 

1991 80i:3M 9628M- 6.7% 64. 5M 0.4M 64. 5M 
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There are seve/al consequences arising from use of a service 
which pinpoints likely areas where large concentrations of fish may be 
located. One is the ability of fishing fleets to catch more fish than 
would otherwise be the case. The other is the ability of fishing fleets 

to catch their fish mc'e efficiently - gaining a given catch in a shorter 

0 

period of tio« with less searching. Thus there can be added income and 
cost savings resulting from this service. 

Likely buyers of a satellite service could include any of the 
top ten countries listed, though Russia and China could be expected to 
subscribe to their’’ own service. (US was treated in a separate study.) 

Hitnie toe different countries a'*e different levels of fishing inoustry. 
the large-scale highly sophisticated fishing fleets, and the nore 
fragmented individual fishing vessels. 

We will assume that while most of the world’s fishing vessels 
are small and individually owned, up to 50t and more of the world's fish 
catch is made by the large sophisticated fishing fleets. (This is 
partially indicated by the large increase in catch between 195S and 1?6S - 
a period when sophisticated fishing trawlers became quite commio in several 
countries.) Ncrietheless , even the smaller vessels appear to be taking on 
electronic gear m <ome parts of the world, hence an ocean resources 
service could find users arong both the la»ger and the sr.aller fishing fleets. 

In t.nis analysis, the following assumptions will be r.«jde’ 

0 The standard base of u'isophi<;ticrttcd (nor-clectromc) 
fishing will renain constat. t at .’’0 millitm n.clr'c trns 
per year. This was the approxinate yearly catch before 
electronic techniques entered the scene. 

a The world fish catch will increase at ntet^K tons per 
decade, with 1/7 of this coming from fresh water fish 
farming. 

e Saturation of an ocea" resources service would b? Innted by 
lack of bacl ground data and by the numti"r analyses . . 
each fish species would be identified by a particular 
"sigi.ati.rc" of ocean tem(>erat.ire, color, etc., which 
would require extensive research before onerationi’ 
readiness of a system. Thus it could take 20 years 
before final saturation of the industry with the-service 
(assume 5'i per year). 




e Z5t- - 75S of the free world/non-US sophisticated ocean 
fish catch is the ultimate penetration of this service. 

Some fish will not be prone to analysis from space 
sensors; some fish con^anies will see little incremental 
value to the service. 

e Cost of the service as a user's fee would represent an 
equivalent of 0.52 - 2" of the value of the fish catch 
of the users. This cost would include receipt of raw 
Oata and analysis. While some of the larger shipscould 
have their own analysts on beard to speed up che process 
and thereby cut lead time over other vessels, most sub- 
scribers would likely rely on a central source for the 
processed information. 

I 

• US, USSR, China and other communist bloc countries represent 
25" of the world's fish catch, and will not be treated as 
potential pvirki't in this analysis. 

9 Earliest service will be available in the US in 1985, in the 
rest of the world by idOO. 

e While presotit indications are that the world's fish stock 
nviy be deplel iin; throinih overtishinq, ways will be found 
to prevenf tins and tn attiially stimulale the incieasc 
in number of lisli. At least one of the method of increasing 
fish stock will use the oioan resources information to identify 
ideal conditions for vai ions species of -^sh. 

Market revenue projections are given in Tables 5-55 and 5-56. 


5.7.4 So 1 .1 r I’e.ii er ( I^trrn.i t tonal ) 

Most projections show oneny demand rising rapidly over the next 
10 years, while energy supplies becoiae less and less able to meet the 
deniand. As a result. Solar Power Satellites (representing one possible 
solution to the energy ptobh'm) appear to have an unlimited growth potential 

Internat’onal demand for energy ha-, been growino as rapidly as 
US demand c/cr the last 50 years, and both have been increasinu at a 
linearly logantlmiic rate, doubling every decade. If there were to bo an 
unlimited supply of Salar I'owcr Satellites with relatively cheap- energy . 


the question is how much of (he resultant power would be sold to off-shore 



TABLE 5-55. REVENUE FRorf INTERNATIONAL OCEAN RESOURCES. 
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As the accompanying figures indicate, worldwide capacity for 
energ/~(cutside the US) has generally been 1.5 times that of the US. This 


trend 

IS expected to continue for the next 30 years 



POWER GENERATION (Kw-Hr 

CM 

o 

X 


US 

' World 

(World - US 

1920 

.05 

.12 

.07 

1930 

.10 

.25 

.15 

1940 

.20 

.5 

.3 

1950 

.4 

1.0 

.6 

1960 

.8 

2.0 

1.2 

1970 

1.6 

4.0 

2.4 

1980 

3.2 

8.0 

4.8 

1990 

6.4 

16.0 

9.6 

2000 

12.8 

' 32.0 

19.2 

2010 

25.6 

64.0 

38.4 


If the international energy capacity listed, roughly 45« belongs 
to Communist bloc countries (i.e,, USSR, China, East Germany, Czechoslovakia, 
etc.). This means that projecting at the same rate of increase for East 
and West - the non -communist countries will have projected capacities 
(as a response to projected demands) at roughly SOfof the US capacity. 

When It comes to exporting the power versus keeping the power 
for domestic use, political considerations would certainly play as important 
a roie as economic cons 'derations. In a severe energy shortage situation. 
It's unlikely that the US would sell significant amounts of solar power 
after spending tens of billions on development. On the other hand, in 
a world desperately willing to pay for energy, this could be a means of 

I 

satisfying external political demands and at the same time generate income 
for repayment of the massive debt expected to come from the program. Pricing 
would then becoi"e a major element of consideration - all Ihp more important 
since eneroy rates appear to be a good deal higher in countries (especially 
underdeveloped countries) outside the US. Yet if the US were to sell 
energy at rates significantly highe*' than domestic .rates, this would 
result in political repercussions as well, though it's uncertain what if 
anything could be done about it. 

The other major consideration is export of energy to Conitiunist 
bloc countries. Not.only is there a question of whether or not vie should. 
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but there'-S also a question of whether they'd accept the power if offered. 
All indications are that while the Soviet 'Jnion is indeed attempting to 
broaden its ties with the West, it has a vast resource of ootential 
energy supplies to draw on. The Eastern European block would likely 
follow the Soviet Union for strategic reasons, with policy being dictated - 
by Moscow, China could be more amenable to heavy input of cheap power, 
as it continues to stri/e for industrial equality with the more advanced 
countneb. 

j 

For preliminary assessment purposes, then, make the following 
assumptions; 

0 The O'Neill and Glaser figures for power plant production 
in space (given in an earlier analysis: Solar Power) are 
limiting figures, representing the most that can be done 
in a given time period with facilities anticipated. 

• ^irst five years of solar power will be used solely by 
the US (1996-2000). 

0 Conniunist bloc countries will take a distant fourth in priority 
of distribution behind developed friendly countries and 
underdeveloped counf^ies. Distribution to coimunist 
blor countries will come after 2010 (after the relevant 
time period). 

' 3 

e Beginning in 2001, 123 of the power generated by solar power 
satellites will be distributed to off-shore customers, though 
only whole systems ,ire tonsidered. There will be no fractional 
transfer of power from any given satellite system. 

e Pricing will be roughly comparable to that projected by O'Neill 
and Glaser, with a slight maikup on each: 13 mills for the 
O'Neill concept, J3 mills for the Glaser ccncept. These 
prices allow more equitable payment for development costs, 
yet aren't so different from US figures as to provide fuel 
for political antagonism. 

e Power is converted wUh an R5'“ conversion at the ground-base 
rectenna . 

, 0 100' of available solar power is bought. 

Tne following Tables 5-57 and 5-60, indicate potential revenue 
resulting from off-shore sale of solar power and the effect on revenues from 
domestic sales. 


3 


TABLE 5-57. REVENUEFROM OOHESIIC AND INTERNATIONAL SOLAR POWER. 


(GLsaet) 

US 

SS7S In use . use 

us 

cost 

US 

revenue 

Off- shore 
use 

Off-shore 

cost 

Off-shore 

revenue 

1996 

1 '.iCTM) 

1 

27iriil 

51005M 




1937 

3 

3 


3016M 




1998 

5 

5 


S026M 




1999 

7 

7 


7036M 




2300 

9 

9 


9047M 




2001 

13 

9 


9047M 

4 

33inlll . 

$491*.M 

2002 

17 

12 


12062M 

5 


6143M 

2003 

21 

14 


14073M 

7 


B600M 

2004 

25 

17 


17088M 

8 


-9829M 

2005 

29 

20 


20t04M 

9 


llOS-’M 

2006 

J3 

22 


221 ISM 

11-- 

- 

13SUM 

2007 

37 

25 


2S130M 

12 


14/43M 

2008 

41 

24 


28146M 

13 


15972M 

2009 

45 

30 


301S6M 

IS 

' 

18429M 

2010 

49 

33 


33172M 

16 


196S7M 

(O NeUl) 







1996 

1 (lOGW) 

1 1 

11.5 

S8S6M 



- 

1997 

2 

2 

11.0 

1638M 




1998 

3 

3 

10.7 

2390M 


- 


1999 

4 

4 

10. S 

3127M 




2000 

5 

■ 5 

10.3 

383SM 




2001 

7 , 

5 

9 8 

364HM 

2 


S1936M 

2002 

9 

6 

9.5 

42-14M 

3 


2904*' 

2003 

12 

8 

9.1 

S421.M 

4 


■*B7:\1 

2004 

15 

10 

8.9 

6627M 

5 


4841 M 

2005 

IS 

13 

8.6 

832SM 

6 


5I08M 

2006 

26 

18 

8 1 

loesoM 

3 


7'4 4M 

2007 

34 

23 

7 8 

133S8M 

11 


1 J4tl'V. 

2008 

42 

.28 

7.5 

.5«i37M 

14 


'3552 V 

2009 

51 

34 

7.3 

18481M 

17 


i6456M 

2010 

60 

'To' 

7 1 

2U47M 

20' 
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TABLE 5-58 


1996 

1997 

1998 

1999 

2000 
2001 
2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 


Total Glaser 
$1003M 
3016M 
S026M 
7036M 
9047M 
13961M 
1820SM 
22673M 
269 17M 
31161M 
35263M 
3987 3 M 
44118M 
48S8SM 
5 28 29 M 


T otal O Neill 
S8S6M 
1638M 
2390M 
3127M 
3835M 
SS84M 
7148M 
9293M 
11 467 M 
14133>'. 
18600M 
24006M 
29189M 
34937M 
40507M 
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5.8 AGGREGATION OF MARKET POTENTIAL 

e 


V 

One conclusion quicKly drawn from the data presented in previous 



sections is that very large single opportunity revenues are possible in 
several areas. It follows that aggregates of these potential (or expanded) 
industries will represent even greater possibilities. 

t 

[. 


As indicated in each market analysis the How of revenues initiates 



and evolves based on several assumptions including best case/least case for 
total market potential at saturation. Thus the actual revenues which might 
be anticipated in the time period of this study will depend substantially 
on the background scenarios previously presented. For purposes of ar.alyzino 
far and near term implications of Space Industrialization the time frame 

!i 

!i 


of initiation and rate of growth of each industry vas adjusted during the 



analysis. This will be discussed further in the section on program 

11 


formulation and analysis. 

f] 


Although the mor? exact figures will depend on such specifics 


as future scenarios and prograrrenat'cs, it is worthwhile to sunmarize 
revenue projections. This will allow interpretation by the -reader of the 
possible significance of SI in the 1980 - 2010 time period. Summary data 
are presented in Tables 5-59 through 5-62 for revenues (best case) using 
the time scales presented in each analysis. This timing is considered to 
correspond roughly to the oaseline scenario. As noted, all revenues cal- 

r 
1 1 

11 

uJ 

ii 


culated are additive to current SI revenues which total about one billion 

1 1 


dollars per year in 1978. 

5 j 


The relative value of each marKe^ area (Information 3e>-vices, 

-d 


Energy, Products and People) as a function of time is presented in Figure 

n 


5-27. A more aggressive scenario (implying more aggressive il programs) 

l] 


basically accelerates the revenue flow and adds more minor initiatives. A 



scenario without SPS eliminates that portion of the summary and inhibits 

1' 


other activities in the Information Services and Products industries In 



the opinion of the SAI study team, given no "surprises", iio substantial 

[! 


foreign challenges in space, etc., we can expect Space Indiistriclization ^o 
1 

.evolve as depicted in Figure 5-27. 
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TABLE 5-59 . PROJECTED ANNUAL ANO CUMULATIVE REVENUE 

POTENTIAL FOR SELEfTEO INFORMATION SERVICES 
INITIATIVES (1977 DOLLARS) 


POrCNTIAL REVENUES 
(in Million! of DolUri) 



ANNUAL 

CUMULATIVE 


(PEAK) 

(l«WS -2010) 

IMinilHMION srcviffs 



Writ! n»lio (Gcn^J IKc Initiated 1990) 

TPnoo 

100 boo 

Tc*m 01 fr« cof 1 •» 4 

9 000 

BOOOO 

Natmo d InfoTTiAtwvi Servtc«n 

fionn 

40 000 

Flerifoiiic Mill 

9 000 

90000 

Dmutet C'*niim*n "itinm 

• in 

i;no 

AftVtncnrt fV 

2I«W 

8 000 

Veimfe ln»( rriion 


4000 

f»l' *»tI •> vH» and fie rue 

jO 

sno 

Ntu *r If 1 »^1locTinr! 

n 

4t 

0» rin nf*'*iiircf*! 

2 

r*0 

TrTnvHSftatioo Sen«*« (Equiiiment Safes) 

;o 

<00 

Raif Anti Coiimon System 

40 

FOO 

Fei>nnal NiviivUion Sew (Fiptipnieol Sales) 

100 

400 

Vt+nrle/Tarl -wr Inralnr 

300 

5000 

Voiin 9 /rnIIinfj Wml Sol 

40 

200 


'* $1/R/VpAr 

.vH-io rii 1 ION 


TAUIL 5-60. I'ROJLCTCD ANNUAL AMD CUMULATIVE REVENUE 
POTENTIAL FOR SELECTED ENERGY INITIATIVES 
(1977 DOLLARS) 


potential REVrNUfcS 


ENERGY 

Solar Power C-itjllite (First SAT in irTG) 

49 5GW >-27 r.*;LS/KWH 

fiO 10G\>. .11 n 5 MILS/KWM • 7 1 
MU ,S/i<WH 

GO 10GW .* ?7 MILF/KWH 

Urban Niqht ll'<i' .matur 
Nuclear Was*f Hi j.o-uJ 


ANNUAL 

(P*=AK) 

CUMULATIVE 
(19151. -rOlO) 

50.000 

3C0,(W0 

.'.0,000 

700 000 

lOO.CHM) 

600,000 

200 

2,000 

t,0(& 

3.000 

-5vJ0-$100B 

-r200 -$6C!OG i 
1 


ORIGINAL PAGE IS 
OF POOR QUALITY 





TABLE 5-61 


PROJECTED ANNUAL AND CUMULATIVE REVENUE 
POTENTIAL FOR SELECTED PRODUCTS (1977 
DOLLARS) 



POTENTIAL REVENUES 
(m Millions of Dolars) 


ANNUAL 

(PEAXI 

CUMULATIVE 
(133S- 20101 

PR0CJC7S 



Onigi atd Phcrmaosutieot 

EOO 

7000 

Eloctronia 



Stmiconducton 

2.000 

39.000 

Clsc tried 



Mapsa 

300 

A.OOO 

Superconductor (generating only) 

2.000 

30.000 

Optics) 



Fiber Optics 

80 

800 

Spe>.tsl Metdt 



Pt'Bhable Cutting Tools 

800 

8 000 

Beiringt and Bushings 

200 

2 000 

Jnaelrv 

100 

2000 


.t63/va 

'S64 3ILL.0N 


TABLE 5-62. PROJECTED ANNUAL AND CUMULATIVE REVENUE 
POTENTIAL FOR SElECTED PEOPLE INITIATIVES 
(1977 DOLLARS) ' 



Spm Toimni 


Spaoo Hatal 


POTe^TIAL REVENUES 
Un MilUons of Dolan) 

ANNUAl 

CUMULATIVE 

IPEAK* 

11985 - :iio) 

SO 

900 

SO ' 

600 

- S’OOM/YR 

$1 5 BiLLION 





ANNLAL REVENUES (IN 10^ DOLLARS) 






[ Inherent to this prediction is a period of capaMlity and tech- 

nolony development in the 1980s leading to expanded exploitacicn and 
u' ilization in the 155Cs and intensive growth beyond the year 20C0. The 
resulting interpretation from tms is that revenues will approximately ‘ ‘ 
double from 1980 to 1990. A very rapid growth in revenue then ensues as 
technology and hardware development efforts in the eighties come on line 
in the 1990 to 1995 time period. Although new technologies (particularly 
jp power, structures and transportation) are emerging, the activities 
settle basically into an implementation and expansion phase with doubling 
time for re»enues becoming approximately five years until the end of the 
time period of interest. 

There appear to be no "natural laws" or technological barriers 
which would limit revenue growth to the level indicated. Strong response 
to a foreign challenge or a heavy entrepreneurial initiative in the near 
future (early eighties) could result in more rapid growth. Potential 
revenues well over 100 billion (1977) dollars per year appear feasible 
with technology and development effort acceleration and aggressive marketing. 
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6. SPACE INDUSTRY PROGRAM DERIVATION AND ANALYSIS 

The results of the work described in previous sections (Terrestrial 
Background, Opportunities and Markets) provided the basic information 
necessary to map out probable courses of future programs. Space Industrial- 
ization by definition consists of a multitude of development or operational 
programs occu'*ring simultan-jously or in series. In the first part (Part 1) 
of this study, the totality of programs wa< referred to as a "program" for 
convenience. That teiminolDgy has been maintained in this volume in order 
to distinguish these "program" analyses from the work in Part 2 of the study. 
In Part 2, SAI and Rockwell Int. agreed to change the semantics so tliat 
the yord "Plan" represented the totality of programs. 

The flow and interrelationship of various tasks from which programs 
were derived and analyzed is shown on Figure 6-1 which also summarizes the 
grouping oIt eleven scenarios into six programs. The philosophy of this 
grouping will be discussed in the next section. 

6.1 DERIVATION OF SPACE INDUSTRIALIZATION PROGRAMS FROM THE BACKGROUND 

SCEfJARIOS (1930 - 2010) 

6.1.1 Program Generation Philosoph y 

Historical analogies which we examined in the course of developing 

i 

the background scenarios fo' Space I noustrialization strongly suggest that 
new technological and economic systems are seldom "pushed" by the urgent 
needs or requirements of society, business, cr government, unless those 
needs are directly related to military necessities. What seems to be the 
case, instead, is that the social, nolitical. and economic background at any 

f 

given time create a climate in which new systems can be forecefully and 
successfully .advocated by enthusiasts or special interests. From this 
perspective, it is easy enough to recognize a variety of oppovtum'tirp for 
the iiih'iyt'aatj of fio at various times in each of the 

eleven alternative futures wo have previously described in the background 
scenarios. Due allowances, of course, must be made for the levels of tech- 
nology likely to be available or attainable at env gven time in any parti- 
cular scenario. 
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In thic fnanner, preV.minary programs were sketched out for each 
of the eleven background scenarios. In several cases, larger elements 
occurring in one of the eleven preliminary programs also occurred in another 
program with only small differences in timing or expected scale of activity. 
This has allowed us to reduce the original eleven programs to just six 
alternative programs for Space Industrialization over the period 1980 to 
2010. The programs and the corresponding scenarios from which they were 
derived are shown in the following table: 

SPACE INDUSTRIALIZATION PROGRAM OACKGROUND SCENARIOS 


Baseline 


Upside 


Baseline 

Critical Minerals Shortages 
Ecologicil Catastrophics 


^ Conm.itincnt to Space 
Ol3Al-n^ Challenge of Foreign Space Advances 
OF POUi Longevity Breakthrough 


Commercial 
Climatic Crisis 
Cheap Terrestrial Energy 
Downside 


Space Entrepreneurs 

Cooling of Northern Hemisphere 

Energy Breakthrough 

Disenchantment with Space 
Economic Collapse 


The hypothetical programs we have developed reflect our con- 
sidered col'‘ecti-e judgment of what kinds of space activities are likely 
to be economically and politically viable in the assumed contexts of the 
backqround scenarios. Like the scenarios themselves, these program; 
should not be interpreted as attempts to forecast the future but rather 
as explorations of plausible alternatives which can be used to provico 
reasonable guidelines for long-range planning^ This kind of exploration 
can serve to identify stepping stones which are common to a multitude of 
alternative futures and to identify systems which are likely to be much 
more dependent .on external contingencies, reouiring more careful attention 
to the course of events. 
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6.1.2 Me thodology for Generating Programs 

Fey each of the six groups of alternative future scenanos, 
specific programs fgr industrializing space were derived using the following 
'procedure. First, individual elements of each scenario, identified as 
having potentially causal bearing on space industrial activity (called 
"space drivers"), were extracted and assembled in rough chronological order 
as shown at the top of Figure 6-2. It is stressed that the exactness in 
the order shown is not intended to be precise nor to associate each driver 
with a specific year, but is merely dictated by visual presentation con- 
straints. Obviously there will be overlaps and uncertainties. The drivers 
shown for Program 1 _{"Baseline") are assutried as the starting basis for all 

other programs, and the drivers shown fer those programs are intended as 

modifiers to the baseline array. 

Second, each driver is associated with the Space Industrialization 
activity for which it is potentially c-ausa-l. As implied by the arrows from 
drivers to activities, drivers arc assumed to precede chronologically the 
initiation of activities, which are shown for various locations (i.e. 

LEO = low Earth orbit; HlO = high Earth orbit; L = Lunar surface; A = 
asteroid; M = Mars). 


Third, the various phases of each activity are associated with 
the supporting system(s) necessary for their respective implementation. 

The supporting systems are also represented in terms of their location 
requirements. Lines connecting certain supporting systems indicate in a 
general way how one system may establish the technological base for and 
lead to a subsequent or more advanced system. This procedure thus generates 
six alternate qualitative and time-phased programs in sufficient detail to 
be later quantified in accordance with quantitative needs and markets deter- 
mined elsewhere in the study. 

6.1.^ Baseline Program (Figure 6-3) 

The Baseline Scenario; the Critical Minerals Shortages 
Scenario; and the Ecological Catastrophies Scenario all resulted 
preliminary programs which had more commonality than differences. The 




Figure 6-2. Exarple of Generation of Activities by C jnsideratibn 
of Causa] Drivers ►rofti Terrestrial Ba't'ground Scenarios 
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principal differences between the programs for the latter two scenarios and 
the baseline C3se were the emphasis on certain types of Earth-monitoring 
satellites, M.'V^.ition satellites, and geolocation satellites; and reinforce- 
ment of th*^; desi'’!'* for^greator diversification of major energy sources for 
the industrialized nations, strengthening the case for Solar Power Satellites. 

Ourint the 1980' s, some reasonable expansion (perhaps 502 growth 
in constant dollars) could be expected for NASA funding over the decade. 
Several factors would contribute to the political force needed to increase 
space appropriations, including the growth of the "Star Trek" and "Star 
Wars" voting blocs; the visibility of the Shuttle/Spacelab program; con- 
tinued U.S. /Soviet competition, especially in the wake of significant 
new Soviet space systems yet to cone, and the development of new space 
technology and new space missions by the military. Political opposition 
to the space program on tlie other hand, would arise from the continjing 
rise of Social Security and other welfare costs as National Health Care - 
IS implemented and as the elderly fraction of the population iiicreases. 

Specific factors which wo believe ivould result in specific 
activities in space are given below. 

6. 1.3.1 Information 

Earth Moni toring. During the early 1980' s, the use of Landsat- 
type satellites to assess crop inventtines for major U. S. export crops 
would help devise 'J.S. farm policy and U.S. export policy, with forecasts 
for the U.S., Canada, the U.S.S.R. . Ajstralia, and possibly some Third World 
countries as well. Pollution nxjni to-'ing activities would also come into 
play, especially ^or the oceans as international shipping rHgulations are 
tightened. Landsat use for Third World economic development f/ould be 
marketed through such intcrnatio.nal agencies as the World Bank. Satellite 
photographs would also come into play during the late 1980's for regional 
land-use planning by governmental agencies at federal, regional, state, 
and supra-local levels. 

Communications Sa tellites . Continued economic growth arotmd - 


the world will require constantly expanding communications capacity, both 
in the transoceanic and in the domesfe markets. In the United States. 
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relocation of business offices from large cities and suburbs to small towns 
scattered throughout the country (as a con:.equence of mounting tax and 
Insurance rates In larger cities and of the rural renaissance movement) 
will also require rapid expansion of telecommunications circuits and, to 
some extent, of electronic mall. 

Personal Co'imunication s. The Bekey concept of a personal 
"wrist telephone" would be likely to succeed in the late 1980's due to 
continued economic, growth, the desire for incr.*ased and diversified leisure- 
time activities, and the need for remote medical consultation as part of 
> nationwide system of regional emergency and trauma centers developed 
under National Health Tare, especially in rurtl areas where ambulance 
(either conventional or airborne) personnel would require reliable mobile 
communications with the emergency center. 

Global Public Service Platform . Continued economic growth 
around the world and the information and communication needs of economic 
development programs ir. the Third World would provide a ready market for 
a global system of Public Service Platforms incorporating direct TV broadcast, 
I two-way voice, sensor polling, and (possibly) two-way video capabilities 
during the 1990's. 

Navigation Satellites . Ourirg the early 1980' s, increased 
regulation of International shipping, combined with the military need for 
precision navigation capabilities around the globe, will provide the 
impetus for deplo/ment of satellite-based navigation systems of increasing 
precision and coverage. In the late 1980’s, the availability of more 
sophisticated elnctromc hardware and of the ability to deploy much larger 
satellites will lake possible navigation satellites for aeronautical pur- 
poses. TncreaseJ air transportation facilities around the world would 
rapidly take advantage of the Improved precision and reliability of such a 
system. 


6. 1.3. 2 Energj' 

Pre-Pilot for Solar Electric Propulsion System (SEP.S ). By the 
mid-1980's, the need for greater diversification of energy sources for the 
future needs of the industrialized nations will be clear even at the 







grass-roots political le^el. Difficulties wi^h coal (including ihe scarcity 
of mine vorkers and the environmental damages associated with coal mining 
and burning) are likely to stimulate much more serious interest in "clean" 
energy systems, including Solar Power Satellites. Budgetary constraints; 
however, would not be likely to permit comitriient on a large scale program 
in that time frame. In combination with a program to develop Orbital 
Transfer Vehicles, however, a small-scale (perhaps 25kW) solar-elcctnc 
based propulsion system would be feasible, testing LEC to GSO transfer as 
well as microwave transmission from Earth through the atmosphere to space 
in an "upside down" test. 

Pilot Sola r Power Sat elli te; Pi lot Night Illumination te l 1 1 t e. 
Even if a pilot fusion power plant had been successful, a pilot SPJ and a- 
pilot NIS should be politically feasible programs in the 19d0’s because of 
the need for eneruy di versi t icat ion and because of the likely very high 
capital costs of fusion powerplants. The Night Illumination Satellite 
would also be usv*d lor cioi gency lighting needs around the woi4d, providing 
a boost to U.5. prestioe abroad whenever used in disaster relief abroad 
(e.g., after earthquakes, tromcal storms, or floods). 

Solar Power S atc ll uo Program. Assumnu; the SP5 pilot program 
had been successful, a moderate scale program to provide electricity from 
space for the U.S. would be tikely during the first decade of the twenty- 
first century. Such a systi’m. deployed as an adjunct to fusion, fission, 
coal, and natural gas, would also be favored by public pressure to shut 
down "dirty" powerplants, wells, and mines before completion of their full 
economic lifecycle, especially in veiw of the expectation that the capital 
costs for SPS based on nonterrestnal rmnr.g are likely to bo favorable in 
comparison with fusion |.*owcrplants or breeder reactors. 

&. 1.3.3 Products 

Shuttle/Sparolab. Given the assumptions of the Baseline scenario, 
the Shuttle/Spacelab experiments on zero-gravity materials processing can 
be expected to proceed as presently planned. In the course of these ex- 
periments, one or more specific products arc likely to prove pconomically 
viable. Industrial research laboratories will then be likely to buy space 



on Shuttle flights for their own experiments and for pilot production 
tests. 

LEO Platform . Based on the successes of the Spacelab and Long 
Duration Exposure Facility (LDEF) programs, a modest life-support platform 
in LEO for use of technicians operating small production plants launched 
by the Shuttle would be highly likely in the mid-1980's, with gradual 
growth in total production of 2 ero-gravity processed materials through the 
late 1980's. The Platform would also gain support as a stepping stone for 
the Personal Communications system and as a base for development of assembly 
techniques for large structures. 

Extraterrestrial Materials . During the first decade of the 
twenty-first century, the decision to proceed with a Solar Power Satellite 
program would provide the green light for mining of extraterrestrial 
materials. Scientific instrument packages to examine asteroids and comets 
and to provide detailed lunar mapping would have provided the information 
needed to oroceed with high confidence. After about 2010, importing or' 
some metals (such as nickel) to the Earth may be economically advantageous, 
particularljr if the asteroid mining option were selected. 

6. 1.3.4 People In Space 

VIP Trips . Successful operation of the Shuttle during the early 
1980' s will almost inevitably result in Shuttle flights by a handful of 
VIP's (newspaper, radio, and television reporters and commentators, perhaps 
some diplomats or politiciars; perhaps some illustrious artists, writers, 
poets, or composers) during the mid-1980's. Both the general public interest 
in the Shuttle and the desire to enhance U.S. prestige abroad would con- 
tribute to the decision to proceed with this program, and would provide 
positive reinforcement for the entire space progi^am, sustaining and 
perhaps accelerating increases in NASA budgets. 

’ Entertainment . The availability of the Shuttle (especially after 

its safety and reliability had been demonstrated grap''ically by a few 
trips), together with the growing requirement for leisure-time activities, 
would stimulate use of the Shuttle and of the LEO platform for commercial 
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entertainment in the forms of television and motion picture productions 
with "on location* filming in space. This, *^ 00 , would have strong positive 
reinforcement for the ent.ire space program, 

LEO Setui-ro nTHncn t Quarters . During the 1990' s, facilities for 
a growing numocr of workers in LEO who must spend longer and longer periods 
of time on station will create a need for more satisfactory quarters than 
have been afforded by systems such as Skylab. Such quarters may not 
provide full Ear' b-tior.nal gravity but mav provide at least partial gravity 
simply to make daily activities more convenient than in weightlessness, 
even if zero-gravity proves to have no severe lonq-tenn medical effects. 

C oniiie rt lal Travel and Tourism Siqni f icantly reduced costs of 
launch to LEO couKI be expeded bv the early i990‘s followinq development 
of a second-generation Shuttle or Sieq1e-Staqe-to-0rbit vehicle. Besides 
reducing the cost of transpoiting workers into space, such vehicles would 
also open the door for a limited number of fare-paying passengers who wished 
to go on even a b lef evcursion into space Used as a Global Transportation 
Syst.m to reduce travel times far nnire than even hypersonic transports 
could be expected to do. SikS. a systnn would soon develop a sizable market 
among multinational corporation executives. After Scmi-Pennanent Quarters 
were established, expansion of tourism could be expected, and some space 
workers might pay for their spouses to occasional ly accompany them into 
orbit for a few days. All of those t.ufors would be intensified by con- 
tinued rise of affluence. 

Med ical raci'ities. As the number of workers in LEO increases 
enough to justify Semi-Per.ikuient Quarters, some medical facilities or clinics 
would become necessary tor enetgency treatment of industrial injuries. The 
presence ot several gualitied medical personnel and of mediza’ equipment 
would justify some studies of possible reduced-gravity therapies. As 
tourism to LEO increases and as the tolerance of the general public to 
launch, conditions is established, the use of these facilities for treatment 
of some special conditions after Jt\)0 is very likely. 


Recrea tion. Once the number of workers n LEO is large enougn 
to justify Semi -Permanent Quarters, tno workers will very likely develop 
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new recreations and games using existing facilities in space. Tourists 
will inevitably pa»"ticipate in these activities as well during the 1990’ s. 
Once mining and fabrication with ext.aterrestrial materials are underway 
after 2000, construction of dedicated recreational facilities will be 
almost inevitable. 

Permanent Se ttlements . Full-scale permanent settlements with - 
at least some degree of self-sufficiency in food supply would result after 
about 2000 simply from the increasing labor force in space. The gfowtn of 
various kinds of plants in reduced gravity would have been tested by hoo- 
byists among the workers ^n LZO (if not as part of a formal research p>'ogram) 
during the previous decade or more, permitting some definition of the prob- 
lems of space farms. 

Mars Expedition . Sustained expansion of human activities in 
space over two decades after initial Shuttle operation woula lead to a 
widespread public belief in the "manifest destiny" of the human species 
in space. By the turn of the certury, economic growth ana public interest 
would provide sufficient support for a scientific expedition to Mars. 

Using the permanent settlements as a staging base, such an expedition 
would be vastly easier than if t’e entire expedition had to be mounted from 
the surface of the Earth. 

6.1.4 U oside Program (Figure 6-4) 

“■ I 

The needs and opportunities of the Commitment to Space scenario; 
the Challenge of Foreign Space Advances scenario; and the Longevity Break- 
tnrough scenario all tend to drive the space program at a generally 
accelerated pace in comparison with the scenarios from which the Surprise- 
Free program was derived. In the throe scenarios presently under 
construction, economic growth continues or is even accelerated. Such 
economic growth is likely to be a political prerequisite for the tjrpes 
and scales of space endeavors projected below, although the total-space 
program costs in this optimistic program are not extravagantly g»-eater 
than the Surprise-Free program. 

Since most of the needs and opportunities for advocacy postulated 
in the Baseline scenario will also be present in the three scenarios 
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considered here, the motivations for programs which were desc>*ibed above 
in connection with the Surprise-Free program will also apply here Rather 
than repeating all of those here, tne discussion below will focus on 
additional opportunities presented by the alternative scenarios. In many 
cases, technological readiness will be the limiting factor in this 
accelerated program for Space Industrialiiation. We have been careful to 
consider research and oevelopment lead times in all six. alternative prog- 
rams, but especially in this fast-paced program, 

6. 1.4.1 Information 

Earth Monitor ing. In order to ep*^.ince sagging U.S. prestige 
abroad and to provide an early and visible symbol of U.S. conimtment to 
the use of space technology for the improvement of the human condition 
throughout the world {rather than for blatantly military purposes! , deploy- 
ment of satellUe.s for the assessn.enc of Earth resources, for pollution 
monitoring, and for meteorological observation and forecasting would be 
accelerated in the 1980‘s, with a great deal more publicity than has 
characterized such activities in the 1970's. 

Communications Satellites . Although the rate of deployment of 
satellites for use in conjunction with highly visible economic development 
programs in the Third World would be somewhat accelerated in comparison to 
the Surprise-Free program, no major differences would he expected 
between this program and the Surprise-Free program. 

Personal Communicatio ns. Increased leisure time resulting from 
a longevity breakthrough and increased awareness of space in any of the 
scenarios considered here would tend to hasten market penetiation by 
portable telephones, accelerating expansion of the system in com- 
parison to the Surprise-Free program. 


Global Public Service Platform s. Availability of the first 
Public Service flatform would create new opoortunitios for educational 
programs on a conr’ercial basis. The desire to enhance U.S. prestige 
abroad by the development of educational broadcasts geared to rural needs 
in Third World countries in conjunction with economic dove! opment, programs 





would provide a further stimulus to expansion of such satellites into a 
global network more rapidly than in the case of the Surprise-Free Program. 

6. 1.4.2 Enecgy 

Pre-Pilot fo r SCPS. Coniintment to a more vigc-ous space program 
and to expanded geosynchronous capabilities would require the dovelopiront 
of a variety of orhitAi t»ansfo** capabilities, including Solar Electric 
Propul bior Systems. Thus ihe early deployment of a SETS pre-pilot unit to 
test out sel f-powored orbital tiansfer of large satellites anu to simulta- 
neously test miLrowave energy transmission from Earth orbit to the ground 
would be likely, even before the difficulties of meeting national energy 
needs by heavy reliante on loal lead to widespread recognition of the need 
for diversification of our energy source*' 

JL*' tellite; Pil ot N ight Illumination Satellit e. 

Ihe de.ire to maintain technologual leadership in space and to enhance U.S. 
prestige abroad would pi ovule sfrong incentives for early pilot proerams 
in both of these areas Pilot systems for either program could be placed 
in relatively low oihits to minimize costs while demonstrating feasibility 
ana enhancing our iiaiional mutge. 

success of international 

participation in coiiimmu at ions satiMlilcs used to support economic develop- 
ment progr.ims, comhiiied with the ava i l.ihi 1 1 ty of larger payload vehicles 
developed for the deph’vment of large conmuini cat ions satellites, would 
provide motivation and tiiiain lal hacking for an SPS program. Accelerated 
economic growfli in the Thud World would provide additional wide-based 
international support for this new energy alternative. 


f^ghf l numitufjon ^ateU ite Program. Success of the pilot NIS 
would encourage further deplovment of these satellites, especially for 
Third World nations whose eionomu deyolop'nenf has beer accelerated by 
satellite eoiniiMii nations The rapi.l growth of very large cities at rates 
so fast as to exceed logistical capabiTities to install conventional street 
lighting systeii.s would |irovide an international market for night lighting 
for public safety. In the Coimii tmeiit to Space scenario, an international 
NIS program mu'ht well heiome a joint U.S. and U.S.S.R. venture during the 
mid- logo’s. 







6. 1.4.3 Products 


Pilot Materials Processing Plants . -In the event of a serious 
national commitment to space or iq response to major foreign advances 
In space, deliberate Incentives for business and Industry to exploit the 
Shuttle/Spacelab capabilities could be expected. Such Incentives would 
lead to more rapid and widespread participation of the business comnunity 
in space, particularly In materials processing In zero-gravity. 

Materials Production . Success of the pilot processing plants, 
continued economic growth, and deliberate governmental incentives would 
result in rapid expansion from pilot plants to full scale production in 
LEO. 

Extraterrestrial Materials . Success of the Solar Power 
Satellite pilot program would focus serious attention on extraterrestrial 
materials as a component of a full-scale SPS program. Use of expanded 
Earth launch system capabilities developed for other purposes would allow 
deployment of a small scale prospecting and mining operations on the Moon 
and among the Earth-crossing astero'ds during the early 1990' s. 

Manufacturing for Earth . Expansion of extraterrestrial mining 
beyond the Immediate needs of the SPS program, combined with 15 years of 
experience In zero-gravity materials processing, would result in some 
manufacture of goods for use on Earth from extraterrestrial materials after 
the turn of the century, especially -'n the light of falling costs for 
surface- to-LEO transportation. 

6. 1.4.4 People In Space 

VIP Trips. Compared to the Surprise-Free program, VIP trips 
aboard the Shuttle might be accelerated by two or three years in order to 
demonstrate U.S. commitment to space and/or U.S. superiority in space 
technology. 

LEO $emi-Porm.i!ient Quarter s. The acceleration of large-scale 
activities in space would necessitate larger numbers of workers In space, 
advancing deployment of -Semi -Permanent Quarters by a few years relative to 
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the Surprise-Free program. Although an upgraded Shuttle would reduce 
transportation costs. to-LEO significantly, economics would stil’ provide 
adequate motivation for the establishment of such quarters, perhaps using 
the Space Shuttle external tanks for pressure hulls. 

Commercial Travel and Touris m. Although tne SctI -P ermanent Quarters 
in LEO occur much earlier in this program than in the Surprise-free program, 
tourism into space on a commercial basis must still await the development 
of reduced cost human-rated transportation systems. Once a second-generation 
Shuttle or Single-Stage-to-Orbi t vehicle becomes operational , howe/er, it 
would be exploited for Global Transportation and for space tourism much 
more raoidly in this program because of the accelerated economic growth 
expected in tne underlying scenarios and because of heightened public in- 
terest in space. 

Educati on. In order to deliberately foster academic involvement 
in a vigoious national space progrun, grants could be iwarded for specialized 
postdoctoral research in orbit. Significant scientific benefits could be 
realized at modest incremental cost by using the existing Semi -Permanent I 

Quarters for this purpose. 

Mars Ou tpost. Because of the expanded scale of activities in 
this program as contrasted with the Surprise-Free program, the initial 
Mars expedition would bo scaled up in size to establish a pemanent outpost 
on Mars, although it would not be occupied full time until sometime after 
2010. Growing belief in "manifest destiny" would contribute to the motiva- 
tions for this undertaking, as would longevity breakthroughs and accelerated 
economic growth. 

6.1.5 Comnerci.il Prog ram ( f i gurc 6^5 ) 

This program corresponds to the Space Entrepreneurs scenario. 
Continuation of governmental funding for space activities at an approximately 
constant level would probably preclude large scale space ventures in the 
public sector, but would allow private entrepreneurs to take advantage of 
those opportunities for profit which can still be found in space in the 
Shuttle era. In itsearlicr stages, this program is somewhat more con- 
servative and less willing to take risks than 's the Surpri?e-Free program. 




















Later, however, as new transportation and supporting systems are developed 
for specific caimercial purposes, they are likely to be exploited for new 
uses more rapidly than might be the case in a purely governmen tally operated 
program. Thus the later stages of the program expand dramatically, albeit 
in directions different from the Surprise-Free or the Upside Programs. 

6. 1.5.1 Information 

Commini cat ions . Given continued economic growth around the world 
and continued growth of large multinational corporations, the already 
lucrative satellite communications industry can be expected to grow still 
more lapidly during the 1980's. The advent of more flexible, less ex- 
pensive mim-computer systems will create new opportunities for commercial 
datalink services via satellites, with extensive utilization by multinational 
corporations for internal corporate conimuni capons between far-flung offices. 
Extension of these cei vices to electronic fund transfers and to some elec- 
tronic mail would follow rapidly. 

Wcalaer satellites. Earth resources satellites, 
and pollution monitoring satellites would continue as governmental agency 
orojects. The advent of aovancod minicomputer systems, however, may trans- 
form the analysis of Landsat-tyoe'-multispectral images into a rapid and 
inexpensive means of prospocting for resources, and comiercial ization of 
such analysis services appears likely in the mid-to late-1980's. 

Personal Conmumcat ions; Global Public Services Platform. The 


formation of now companies, including some of multinational character, to 
exploit the new opportunities .*^ar profit in space would provide a mechanism 
for spreading the development and capital costs for a global PSP system 
incoi porating the personal coiimuni cat ions "wrist telephone" system during 
the late 1980‘s. International development agencies and multinational 
corporations would become large customers for such services. Surh projects 
would make rapid and early use of orbital assembly technujues for large 
space structures developed in the public sector. 

6. 1.5.2 Energy 

Pre-P ilot sens. As discussed below, greater private participation 
in materials procossinn experiments and pilot production t^stino would free 
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up some NASA resources for a more khorough pre-pllot SEPS program than in the 
Surprise-Free Pregram, in response to growing recognition of the need for 
diversification of energy sources and of the future needs for Interorbital 
transportation. Because of the long-term, high-risk nature of this project. 
It is likely to remain in the public sector until the technical risks have 
been appreciably reduced. 

Night llliirnnation Satellite . The grov;th of megalcpolitan areas 
around the world provides an opportunity for a commercial enterprise to 
provide street illumination by contract. Suitable selection of orbits would 
allow one satellite to be shared by up to about ten megalopol i tan areas 
around the world. A pilot NIS could be deployed from the Shuttle during 
the late 1980's; its use in disaster relief would provide highly visible 
advertisement of the system and bring about insurance industry participation 
in a full-scale system, both because of the reduction of damages after a 
disaster made possible by accelerated rescue and relief and also by reduction 
of claims in industrialized nations for losses by burglary, arson, and 
muggings in large urban areas. 

Solar Power Satellite . Assuming reasonable reduction of technical 
risks made possible by the pre-pilot SEPS efforts, a joint venture by govern- 
ment and the utilities industry to deploy a pilot SPS in the mid-1990's would 
seem likely ' making yse of the second-generation Shuttle-type vehicles likely 
to have become operational by the late 1980's to support e'.tensive space 
processing (see below). Many of the facilities developed for the materials 
processing and NIS systems would make the costs of deploying an operational 
SPS system (based on nonterrestrial mining) quiti; reasonable and modest by 
this time. 

6. 1.5. 3 Products 


S huttle/Spacelab . Assuming that funding for the Shottle/Spacelao 
programs is adequate, it is reasonable to expect that a number of specific 
processes or products which can be performed or produced in zerc-g will be 
identified in the early 1980's. Provided red tape is minimized, rap’d entry 
of private industry into space manufacturing could be expected, with pilot 
production experiments aboard the Shuttle and an uprated Shuttle jn the mid- 
1980* s. 





"Industrial Park" . Rapid expansion of space processing by numerous 

new spa^ce companies would provide sufficient economic base for a consortium 

of space conpanies to develop, deploy, and operate basic facilities in LEO 

for materials processing plants. Such an "industrial park" would provide 
o 

power, heat rejection, conmuni cations, and strongback services to Individual 
users, as well as basic living quarters for workers. Such a combined 
facility would provide economies of scale and reduce the "front-end" 
capital costs for small users, allowing more space companies to participate 
than would be the case if each had to provide its own complete system. 

Nonter ro? trial Min ing. The success of the Night Illumination 
and pre-pilot SEPS programs would justify public investment in the develop- 
ment work needed to begin nonterrestrial mining of the Moon and/or the 
Earth-crossinq asteroids, especially in an envirorinent in which both business 
and labor have become strongly pro-space and which stock issues for the new 
space companies have provided the glamor issues needed for a sustained stock 
market boom. Several years of experience with the life-support systems 
of the SCTii-PeniMnont Quarters attached to the "industrial pari" would 
have demonstrated the feasibility of deep-space habitation in an industrial 
context, reducifiq the technical risks of such an approach to SP5. Full 

scale mining operations by trie turn of the century would be privately funded 

1 

and operated by a consortium of space companies. 

M anufac turing for C at ti i. E,H ly in the first decade of tne twenty- 
first century, the existence of ndirtcM-rcstrial mining, of extensive space 
processing experience, and of living quarters in space would make the ad- 
ditional cost of beginning to manufacture selected products for Earth from 
the nonterrestrial raw materials quite low. Such possibilities would soon 
be exploited by several of the space companies. 

5. 1.5.4 People in Space 

VIP T ri ps, Entertaiiiiiient. At the earliest possible opportunity for 
^i/IP trips aboard the Space Shuttle, coinncrnal television and movie producers 
can be expected to exploit the Shuttle for documentary films, special effects 
and "on location" sequences for dranvitic purposes, provided only that 
bureaucratic obstacles can_be minimued. Besides stimulating public interest 




and support for space programs In the public sector, these would also serve 
to bring the new opportunities for profit to the attention of the business 

sector, contributing to the successful commercialization of space processing 

0 

aboard the Shuttle. 

Semi-Pennanent Quarters . The growth of production facilities and 
profits in zero-gravity would result, as we have seen, in strong pressures 
for an "industrial park" in LEO. Semi -permanent quarters for workers would 
be an important adjunct to such a common facility by the beginning of the 
1990's. The growing number of workers in space and of production facilities 
would also induce the larger space companies to participate with the govern- 
ment in the development of a second-generation Shuttle-type vehicle, whose 
operation would facilitate construction and operation of the semi -pemianent 
quarters. 

Education ar.d Medical Services . The existence of living quarters 
in LEO and of growing numbers of workers would lead, as in the Surprise- 
Free Program, to some medical services in LEO and, as in the Upside Program, 
to some advanced postdoctoral research and education in LEO, most likely 
funded by the public sercor. 

Commercial Travel and Tourism. With private participation in the 
development of the second-generation Shuttle-type vehicle, exploitation 
of its «-apabilities as a Global Transportation system ano for space tourism 
would be rapid. 

6.1.6 Climatic Crisis (Cooling - Figure 6-6) 

This program is primarily implemented by the public sector in 
responce to the climatic crisis of a significant and fairly rapid cooling 
of the Northern Hemisphe-e. Perceotion of the crisis in the mid-1980's 
would result from consistently lower-than-projected agricultural yields, 
significantly colder and longer winte'-s, and more serious shortages of 
energy for heating. Governmental response when it finally came, would have 
the mental set of fighting a war, w’th major programs undertaken quickly with 
little concern for cutting corners on expense_s.. 
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6. 1.6.1 Information 


Earth Monitoring . Exn^.islon of metoorologlcal satellites geared 
tc more thorough understaruing of the Earth's atmosphere would be the first, 
rapidly implemented ^lement of the program. Satellites to monitor solar 
luminosity would also be included for the first time. The first steps 
would be taken to integrate weather data collected by satellite into a 
weather forecasting computer system with real-time data collection. Landsat- 
type satellites would find rapidly expanded utilization for crop forecasting 
on a global basis, with or without the cooperation of other nations. These 
satellites would also be used to continually update water inventories for 
the major agricultural areas of the world. 

Conmiuni cat ions . With rapid shifts in crop production around the 
world, the need for comnunicaticns by international shipping, multinational 
corporations, and international development and lelief organizations would 

I 

grow rapidly. In North America, energy shortages in the winter months 
ivould stimulate demand for personal communications and more home entertain- 
ment. These demands would lead rapidly to the implementation of a global 
Public Service Platform system, helping reduce U.S. petroleum imports. 

6. 1.6. 2 Energy 

Pre-Pilot for Solar Power Satellite . The perception of an 
accelerated Increase in energy demand at a time when agricultural exports 
were decreasing would provide a strong incentive for rapid exploration of 
the SPS concept in the inid-1980's. 

Pilot for SPS . Success of the pre-pilot program, combined with 
five or six more years of worsening climate, would lend a sense of urgency 
to the SPS program, with deployment of a pilot SPS (ground built and 
launched) early in the 1990's. Simultaneously, lunar surface explorers 
would be deployed to identify optimal mining sites. 

SPS Program . The combination of continually accelerating demand 
for energy and of promising theoretical studies on deliberate cii.rjte 
modification would provide the go-ahead for a full-scale SPS program based 
on lunar mining' and for initial^ prospecting among the Earth-crossing 
asteroids. 





Pilot Dayliqhtinq Satellite . Because of the rapidly shortening 
growing season, a pilot program to develop large reflectors to extend 
daytime- levels of solar insolati,on in areas threater.ed by frost at 
critical times (e.g., shortly after sprouting or shortly before the crops 
are ready for harvesting) or in areas where extended daylight hours are 
needed to complete harvesting operations before the arrival of major storms 
woifld b'e"VT^e. . 

Full-Scale Dayliqhtinq Program . Success of the pilot program, 
combined with promising theoretical studies of deliberate weather modifica- 
tion, would justify 0 rapid go-ahead for a full-scale program deploying a 
few dozen Daylighting Satellites for use globally as needed. This piogram 
would also make use of Montcrrcstnal materials as soon as they became 
availaule. 

6. 1.6.3 Products 

Pilot P rocessing. While the climatic crisis does not affect the 
space program in the early 19S0's, so that materials processing experiments 
aboard the Shuttle and Spacelab proceed as in the Surprise-Free Program, 
the acceleration in the mia-19C0 s of deployir<ent of communications and 
monitoring satellites could be expected to compete for space aboard the 
Shuttle, leading to some delays in beginning pilot plant operations. By 
the late 1980's tliough, expat. sion of launch capaL nties for other purposes 
would allow this area to catch up to the Surprise-Free Program, with full- 
scale production in the early 1990‘s. 

Nontcrrcstnal Minin g. The necessity for very rapid expansion 
of energy sources by way of an SPS program would require nonterrestnal 
mining to begin .it the earliest date, first with lunar mining ’in the mid- 
1990's; then fr.im Eartli-cros§a.ng asteroids near the end of the 1990's. 

6. 1.6.4 People in Space 

VIP Tr ips. Motivation for thcbe would not have changed in the 
early 19C0's from those given in the Surprise-free program. During the 
late 1980's, however, the accelerated growth of demand for home entertainment 
(both for energy conservation and to avoid personal exposure to more severe 
winter weather) would result in continuation of these flights f or a longer 
period. 
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En tertainment . The prolongation of VIP trips (as compared to 
the Surprise-Free. Program) would grow into active entertainment activities 
for terrestrial audiences, with greater activity than in the Surprise- 
Frpe case. 

Semi-Permanent Habitation . The deployment of power sa tell ices 
and daylighting satellites in the early 1390*3 would result inevitably 
in some facilities for habitation 4n space of a fairly significant scale. 

Commercial Travel and Tourism . The expansion of the number of 
workers in space, coupled with the availability of advanced, low-cost 
launch vehicles to support the power satellite program, would result in 
the deployment of a Global Transportation system and in paying space 
tourists in the mid- to late-1990's. 

Permanent Settlements . Large-scale expansion of the number of 
workers in space by the turn of the century (primarily for the SPS 
proqram)would lead to the enlargement and elaboration of Semi -Permanent 
Quarters into oermanent settlements. 

6.1.7 Cheap Terrestrial Energy (No SPS - Figure 6-7) 


Since the masses of systems in space are so vastly much larger for 
Solar Power Satellites than for anything else yet considered in space, the 
presence or absence of an SPS program has enormous impact on the entire 
space program's shape and scope. In the Energy Breakthrough Scenario, we 
postulated a major breakthrough in the economic application of a new 
solar-based terrestrial energy technology, but any other energy technology 
which proves to be inexpensive and abundant would have similar effects. 

6. 1.7.1 Information 

Until the proliferation of the new energy source during the 
late 1930's, little difference could be expected in space industries 
dealing with information. Proliferation of cheap energy around the globe, 
however, would soon lead to acceleration of econo.mic growth worldwide, 
resulting in rapidly expanding demand for communications services, the 
deployment of large Public Service Platforms would thus be accelerated, 
extending personal communications and similar services tu worldwide scale 
by the early 1990 's: 
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6. 1.7.2 Energy 

Pre-Pilot for SEPS . Concern about energy sources during the 
early 1980' s would justify a pre-pilot SEPS program, just as in the 
Surnrisp-Frpp Program. Put the success of the new terrestrial technology 
would in all likelihood prevent further investments in space energy 
systems, regardless of the success of the SEPS program. 

6. 1.7.3 Products 

i 

No significant differences could be expected in the materials 
processing area throughout the 1980's. Acceleration of economic growth, 
however, would lead to expansion of orbital production during the early 
1990' s, while the absence of an SPS program thereafter would preclude 
importation of products manufactured in space r'rom nonterrestrial sources. 

6. 1.7.4 People in Space 


Commercial Travel and Tourism . Without an SPS program, the deploy- 
ment of post-Shuttle vehicles would be delayed until the mid-1990's, so that 
Global Transportation and tourism to lEO would not occur until nearly the 
end of the century, at significantly reduced scales, especially in the 
absence of Semi -Permanent Quarters until after the turn of the century. 

Semi -Permanent -Quarters . Although the absence of an S^S program 
significantly reduces the number of workers in space, maintenance of 
communications satellites would grow sufficiently to justify establishment 
of semi -permanent habitation facili..ies shortly after the turn of the 
century. Little need for permanent settlements would then result until 
beyond the time-frame of this study. 


6.1.8 Do wnside Program (Figure 6-8) 


This pessimistic program is based on the Disenchantment with 
Space and the Economic Collapse Scenarios. In the former case, although 
the economy is sufficiently vigo-ous to support a space program comparable 
to the present NASA budget, public perceptions of so-called "human needs” 
and of the "expense" of space result in very small appropriations for space. 
In the latter case, economic constraints are so evident (and real) that 
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oily space programs directly applicable to "human needs" can continue in the 
public sector, and virtually all space ventures are considered too risky 
in a shaken and uncertain private secto-. 

6. 1.8.1 Information ^ 

Coimuni cations . Communications satellites would be expected to 
continue to be profitable in either of the scenarios considered here. 

In the economic collapse case, business would rely more heavily on long 

distance electronic communications in preference to travel. In the dis- 

~> 

enchantment with soace case, the governmental emphasis on human services 
would contribute modestly to increased demand for electronic communications. 

Earth .Observation and Monitoring . Exoansion of U.S. agricultural 
exports, increased federal and state land use planning, and greater con- 
cern for the environment would all contribute to more extensive use of 
Earth monitoring and observing satellites. 

Public Service Platform . The emphasis in the mid- to la^-e- 1930‘s 
on social welfare programs would favor deployment of PSP's providing 
governmental agencies with datalink channels, electronic mail and (perhaos) 
tv/o-way video teleconference capabilities. Direct television broadcast 
would respond to the increased needs for home entertainment, especially 
in an ecdnomic dep'^ession. 

6. 1.8.2 Energy- 

In an enti-soace political atmosphere, the development of Solar 
Power Satellites or of Night Illumination Satellites would not be viable 
for the next two decades or more. With only limited expansion of com- 
munications satellites in geosynchronous orbit, development of Solar 
Electric Propulsion Systems for orbital transfer missions would also be 
unlikely, further reducing the likelihood of programs in the energy field. 
Diminished demand for energy resulting from the economic depression, however, 
would result in the abandonment of large numbers of "dirty" powerplants 
during the 1990's prior to completion of their normal lifetime. Economic 
recovery after the turn of the century would reawaken interest in environ- 
mentally clean source*' of power, making a pilot SPS program possible in the 
first decade of thr. twenty-first century. 
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6. 1.8. 3 Products 

With limited funding for the Shuttle/Spacelab program, few if" 
any commercially viable materials processing application would be identified 

in the zero-g environment. Combined with the economic downturn, this entire 

♦ 

area couVd be expected to dry up by the late 1%0's. 

6. 1.8.4 People in Space 

VIP Trips; Entertainment . As long as some Shuttle flights con- 
tinued, some interest in the space program would remain, so that a few 
VIP trips in the late 1980's would be likely, especial’y in the interest 
of providing some escapist entertainment in the midst of a depression. 

Other nations (except, perhaps, for the U.S.S.R.) would not be likely to 
develop ar maintain a manned capability in space in the face of a worldwide 
depression. 

6.2 ANALYSIS OF SPACE INDUSTRIALIZATION PROGRAMS (1980-2010) 

6.2.1 P rogram Analysis Metnodoloqy 

An assessment of the program costs, system requirements and tech- 
nology requirements was desired prior to entering Part 2 of the study. 
Comparison of the six programs presented in the last section resulted in 
the following observations. The Commercial, Climatic Crisis and Upside 
programs were similar to the Baseline except in timing and magnitude of 
most major space activities. The Downside program presupposes a number of 
failures in will and planning and is of little positive inteiest. The 
largest single swinger between the most likely programs was the SPS. 

To scope future costs, impacts and requirements within reasonsbie 
effort three programs were thus selected for detailed analysis. These 
were the Baseline, No SPS and Upside Programs. The general analysis 
methodology is summarized in Figure 6-9. The procedure was to take the 
general programs as presented in Section 6.1 ard adjust specific timing 
and seals according to guidelines from the scenarios and market data. 

In some cases several initiative' were lumped into a single systei.. for 
pu-poses of simplifying costing and scheduling. A platform approach to 
developing the communications initiatives wa.s assumed with one basic 











platfonn serving development needs for most initiatives in the eighties 
and early nineties. - 

Introduction and growth of the various Information Services leads 
to requirements for very large platforms in the nineties and beyond 

o 

corresponding to the market projections presented previously. This turned 
out to be the largest single set of industry initiatives in terms of power 
and structures other than SPS and light reflectors. Lumped parameters 
from the Aerospace New Initiatives Study (Bekey) were used to estimate 
both the cost and schedule for these Information Services requirements. 

The parameter varied was number of channels required for the various 
services. Mass and power were assumed to be linear functions of channel 
requirements near the design points presented in the Aerospace study. 

6.2.2 Non-SPS Power Requirements 

To better understand the general nature of the power requirements 
being dictated by the markets, two initiatives were broken down to step- 
wise growth needs in orbital mass and power. These were the Portable 
Telephone and Teleconferencing (Baseline Program, US markets only). The 
results of that examination is presented in Figure 6-10. The implementing 
steps can take many forms, the largest being assumed here was one megav/att 
(1.0 MW). This indicates that for all initiatives a Payload Service Plat- 
form of the mid to late nineties will be of the 1 to 10 megawatt size. The 

1 

power required by the Products Manufacturing Modules are on the same order 
for markets projected during this time period. 

The highly aggressive Upside Program accelerates these require- 
ments in time and increas'*- >he rate of growth near the turn of the century. 
A thorough analysis to identify the levels and rates relative to power 
requirements was not pursued. However, it seems reasonable to anticipate 
optimal steps in excess of 10 MW each by the year 2000 could be utilized. 

6.2.3 ' Summary Program Schedule and Cost Estimates 

The estimates of investments required and relative timing for 
industry hardware development and production and support element development 
and operation are summarized in Figures 6-11 (Baseline Program), 6-12, (No ^ 
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Figure 6-11. Baseline Program Schedule & Cost 
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SPS Program) and 6-13 (Upside Program). These data plus the projected 
revenues associated with these investments provided the basis for a portion 
of the economic impact assessment reported in Volume 3 of this report. 

A comparison of annual revenues and expenditures and cumulative 
revenues and expenditures was made for both the Baseline and NO SPS 
programs where required funding included DDT&E for systems and production 
and launch of the hardware. Revenue predictions came from the market 
surveys conducted. The comparison is presented in Figure 6-14 and 6-15. 

A full definition of all operations and ground segment costs were not 
addressed. All ODT&E was assumed to be paid for by public funding, whereas 
profit: making production hardv/are and launches were assumed to be com- 
mercial. This allows certain implications and conclusions to be drawn on 
these programs. Particularly, it is noted that the SPS, which required 
substantial early fundin^j, will tend to push the total program break-even 
into the 2010 time period with return on investment (ROI) delayed until 
afterwards. This is not unexpected since the SPS would by necessity be 
a long payback investment. The cross-hatched area represents SPS revenues 
in Figure 6-14. The direct effect of the SPS including extraterrestrial 
material acquisition, etc. can be seen by comparison of the figures. As 
indicated on Figure 6-15, information systems look highly attractive for 
good ROI and early payback. Peak funding would appear to be less than $2 
billion. 

6.2.4 P- 'oqrani Analysis Observations 

An overview of observations for each activity focuses on the major 
advantages for space, the major technical hurdles and the possible timing 
as indicated on Figure 6-16. Information activities have already begun 
with communications, observations and navigation industries. However, by 
the mid 1980's, significantly larger systems could begin operation and ex- 
pansion would then proceed rapidly.- The information systems utilize the 
view and access offered by orbiting the Earth. The major technical hurdles 
to their implementation are their size and power requirements as well as the 
need for extensive data processing to be conducted in space (so called 
"complexity inversion'). The very large steps and numbers of systems in 
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Figure 6-16. A Summary of Qualitative and Quantitative 

Observations Drawn From the Programs Analysis 






















operation will require economical r.aintenance activities in GEO, -implying 
economical tratisportation. 

Energy activities rely mainly on the solar flux. The najor technical 
hurdles are due to the size and mass of the systems, which leads to a 
requirement for lowe'" transportation costs. Additionally, environmental 
issues may present significant barriers for their implementation. The 
timing for energy activities is viewed as after the late 1990' s. 

Product activities take advantage primarily of the reduced gravity 
and high vacuum available in orbit. In addition to demonstration of 
techniques, product activities will require significant power and low cost 
transportation. These are envisioned to begin during the late 1980's in, 
perhaps, commercial batch quantities. To become the substantial revenue 
producer envisioned in the nineties, transport cost must be reduced to 
$5 - $50/oound to LEO. 

People activities in space use the uniqueness of space. The 
major technical hurdles are transportation cost and, for large scale 
activities, habitation facilities. These activities should be viable 
starting in the 1990's. 

A series of recommendations drav/n from these observations and 
other segments of this report volume are presented in the section on 
Recc'mmendations in Volume 3. 
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